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(i) "0" comrensator, 
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@ea-ens tor is unw rrente4. 
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Boece ure Stability of tlie cemrensate@ systems dendnces net on™ on 
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feclory. 
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commensator (for a not equel to ¢). Unless very snalit volmes of ae 
are used only valves of © and GY smzelicr than those for the hesic 
system may be obleined, For the case ~nere the unconvenseted system 


dS unstable this is true for all velues of kg. Put in the situation 


f* 


where the uncompenseted system is st+tle, use of a very sisll k, will 
nroluce reots of comarsble Wy but snaller GY than thet of the 
esac svsten, 

For the stable section of the root loci of svstens 1050 
and 7°79 there ‘loes nat evist anv sienificent differences per- 
Pecimoriy tcr kin lerre, Vowever, tvere is considerable difference 
noted betzren tne root Teei of the stable and unstable evstems. This 
Matierence, of course, is pure lv sa result of the diffemences in the 
feeerenin of te unce~enwete? Aa@incting compiler rects. 

). Comiletel’ unsatisfactorv commrnsators, 

Three of the conmenséetors investigated erc completely ungatis- 
factory. this is ‘ve to the fact thet they fail to compensate the 
basic system in eny way. These compensators are: 

1. first derivative feedback - effect shown in fipures 
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s Second derivative with prorortianal fee beck (tO! 
commensstor ~ith e not equal to O) = effect Ssieeam in 
firures 5-19 to 5-2), 

eeeteo? Tema iarce of thes? conprneaters Ce Stari ie Ura 
ei1scuwme.on ci ther jis net ~errented. 
Pe “orinalization. 
In view of the fsct thst three svstems were included in this grour. 

9 deepcr insight into the croblem of normelization of root loci is 

nossible, .ctually, nornelization hrs heen imelemented to come extent 

by virtue of the fact that these three svoters Inive been grouped to- 
feeer. ihasg fact imclies that any othcr tyme one | Sirye s7cren 

fies secend order ~ctor function may alse beVinciiged im Di 
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(, Groun V - type one svstem with second order motor functicn and 
one eycess role in Gy 
A, General. 

Two of the systems investigated fall into this group. They are 
the 1100 and 1500 svstems. The component functions for these systems 
were selected so as to revresent vohysical components which would be 
found in 3 practical servo system. Figures 6-1 end 6-2 illustrate 
the tlock diarram for these svstems respectively. 

Mlso shown in figures 6-1 and 6-2 arc the locations of the roots 
of the besic svstems, The gain of each svstem has teen adjusted to 
make it wunsteble in ordcr thet e more thorough eveluation of each 
compensator 's commrt)rncy mav be made. Thus, for these systems the 
Pram. ry objective of co-ycne-tion is stebilization: "hereas, the se- 
conizry objective is the vrovision of increased Pleyibilityv in the 
feoice of root ieee on. 

An exeminetion of figures 6-2 to 6-13 indicates thet much simi- 
larity exists between corresponding root loci of the two comrenseted 
Bvetems. This fact is esvecia'ly truc for the »redominating sections 
of the reot loci. Therefore, bec uve of this similarity and in the 
interest of simmlicity, the analvsis of the effects cf a perticular 
compensator wil? be made be considering both s7stems sirultaneously 
and reserving further comment for anv significant Jifference «hich 
rey oyist between then until Tater. 

Be Commletel- satiefsctory conpensstors. 

Three of the conoencators investig: ted ~revided conmletely setis- 
factory comoensetion. This Joes rot necessarily suggest thet thev are 
to be considered es the best corrensators - its sole me aning is that 
only one requirement oust be set in order for stability to occur in 
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combonents reGuired, a is ‘ivited in Uognitusc th that of the jeg net- 
morl col@@@msatcr's pole. On te other hani, k, rage t be Minited for 
Pernt reasons, If aesipn recuirements srecify a srall, steady 
Bo be velocity ler errer, ten |S “would be “iamited tc Targa vasites: 
Thus this Viritetion could reduce the rayirun §$ available or in 
Maree © Ceses nullity toc stabilizing effect of tlis comja@msector. 
commarison of figures 6-3 and 6-h raveals the e- ist-nec 
eeecore dijierences in the root loci, The nrimary soure@ of these 
Seeererences is te fret that tre roots of the tro bsesic svsters are 
Seem] Sowe. Winesc jilferences are os-ibited in two wavs: «@ uarized 
Seeyee 20 tc Spese af the oredomin: tine section of ty com -le~ root 
Meee ond cifferences in the scent LU, chenges as & Varies. wae 
Gifferences inererse vith «. Neverthelcss, the resarks previcusly 
made concerning the trenis of Q end Wea when verying k, end a 
meet aryplv, to each systen, 
(2} "30" compensator with a not ecu] te 0. 

Commensericn by feeting Cac: 2 ceomeanstiom sirst deriyveu we 
@aeerro-ortional sicnel ("30" coemrensator with a not ected to OV lec 
ee ceculve'’s Cor snmete - thous’ net as well zs the las networ® — the 
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See ete Caiy Sipnificent difference lies in tae gact that, 
the roovs ol the two unconpensat«ed systris differ in number and lo- 
fron, siils Causes tee root loci having the largest numbervofscolrcs 
eniiezeros to be more conolicatrd, tut not too muct #ith respeet to the 
predominating section of cownlex reot loci. Therefore, these var- 
ticular sqctions show close ccrrespondence in al’ respect. 
CG. Fartial’y stable conpensetors, 

Tao ci ees covecnsators inve stic-tes aresconsiviered to bawen!* 
Stee ale se Tastacter in compense ting the systgm. This is 4aue to 
fae t2ct that they do not sterilize an unstable srstcm Tor every 
value of a. In one cere stebility is reetized only for values of 
a preatcr tvan zero; n the othr case, stability occurs only for 
low values of a. A rore deteiled Jiscussion of these ccmnensetors 
Ol) ows. 

(1)® Léad netvor*. 

The effectiveness of the teal network in comoensatins this 
Seavc systen is considerably Jirited, It will not sterilize fer al) 
values of a. In sddition, when it dees succeed in stabilizing tre 
hasic svster, the flevilbility whten it provides t'e desimner, while 
sor-eshet similar to thet of the lag network, is more restricted. 
As shorn in figures 6-2 to €-6, th? criterion -hich seems 

Pen J° bgameane tis comaensetor's adi?.ty to siabitize is the sigecor 
aoe or al] thescdses inve stigated,«xcemt the cne shorm in firure 42), 


Pee commtnsatcr Jegs not strrilize tee s¥stem Been = e@lals ©. Tn 


Poewcese + Greistalility docs occur for a aduzl to C (sham in figure 
6-)) it is only warginal, and therefore, it is not a food compenseter. 
‘oreover, even theuch the velue of a is a>» ropriately selected, sta- 


mai onivyeoccurs cn Kin is greater than the values of ee listed 


v4 
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Be oes wee Eee a 





Tre fleyaibi itv orovited ty tris commensetcr, @hile scmameet 
Bimeer bo thet af the lage netyerk, -ctuel)- seems to suliplre=ent it. 
This can be observes by commaring the cffect of bcth compensators on 
the roct leci of any one of fipures 6-3 to 6-6, Mot only is there a 
ii@cwot = ragical tranextion between the roct loci of the tyo dif- 
ferently compensated systems, but also the velues cof QJ, evailable 
using one compensator supplements those available using the other; 
and yet, the method of varying Wr is similer for both, Also similar 
mre toe methods and extent of variation of G . This can be varied 
aceon | Lo | by increasing K above oo while maintaining a constent, 
er it c=n be varied to a tesser extent bv increasing a while Heres Lia 
taining Ke Constanu. 

Tre only difference hetween the effect of the lead ne te 
mers cn the tro basic svsteis can bé sttributed to the small dif- 
ference in their uncomrenseted root locetion. Yor § eresater than 
eerroximetely %,3 there is no signi*icant difference, but fora ¥¢ 
less than this the 15, available in system 7120 is slightly less 
teem that availeacie in system 1520. 

(2) "60" compensator. 

The effectivensss of the "60" compensator, depending on 
the value of a used, cen te either feir or voer. this is due to the 
fact that Jimitations rleced on both stability and flexibility depend 
ona. fs shown in figures 6-1] and 6-12, for a not ere: ter than 1, 
the genera! characteristics are: stability occurs for a equal to l 
or less, 311 values of G from © to 1 are available, and a reasonehle 
variction in @y is rossible. jovever, fer a greater than | the 


Bcneral chdrecteristics cre: stahitity derends en a, all ros«ible 


$17 





ee me ee ee “se = ~ = 


Tor 
- 


~popmeme be ete 
‘ag 
ny —e@ -te« 


++ 7 Gea 
“1-7 Tf os — Sam 
spssbeeet 72 jcdams 
oartnal rmemaell ear aanal Ot en 
oa 0 cae ' ° 2 cs (ee mei . 
atedeter iene one -{-—- ‘ > oo oo 
~ bed t is yh 3 db we 2} (Ae et Bars os a 
a ee : pee teat leis . ’ me 

t 

= : 


=~ 


Srod Gaeeg Senseesetl “aegamed \fP ‘od. ,"a tneza beans puangeuens Poy Wendl Peaggersag cceeasisg© Rarer asccevc 2) oy (eesgseszsgeons 2asegcecsunens: 
' ) oe i 2 3 2S am 5 ae wre = |} 3 st ee 
sang cea! 
ssoedsnuse rasa sessd fraas 
ees cebesbssessseraesssaeas 
9 f ; t PaaS, 
By Sones cae 
noes aaa 
Be faa 


+ whe men oe 8 me Go 
+4 —— roi - ttf 
t ? 
r : 


py + Lehi 





t ¢ 4 AL. 
- " tae fe 
ame fe eet bf ee -e§ - 2 0p 2 ‘ ! “3 -0-+- — —s - te, -== fh 

= a See ae Tyecen emg at 


Fite fenpeaibeistes perctpad® |p ag evs ea ee a pens ses scat s Paces oy A ber tees eer cc eee pee 


t 
sit far 
rit 


, : te ane 
s Cy lle ~ § Sbed 5 - : “4 $-j 4-2 o—be -- $4 towne -f é--b- ip aaeied inaeenauneneed Gael on baa of — - OF an = wee —_— , ce i 
t = 5 pak >t a ! iebace tate t a. s ae Wt a agg we | - F444 5 pl LS Soret aria © ay Be? carers 
¢ t 6 ' tr 6 Ome area) ! , : } Kes ' ¢ J. pec i ; = : L- s ee 
aa ones : nse aaes | pareve oe ae ey Foe : CN Nd pa - f --sat-—+$ dF 
* pp ets et tt : : ry . 
ee ee 


pte 








ee ak od Naor {- 


igi ans Sar [ 


hipkamcs | Lananr—4 — ws 


——~g ” 
i { 
+4 
+ = -. 
TE Eh jas 
ai B . ; ; rae : ee ig 
g . ’ t : a ‘ aaa i ; et BE ei At 

g SE a arg ’ b ; 5 eo : aren We ’ a Ger ea a ig) es ago? tic teteae 

’ 2) ee Vest ated ent bins ti i r = ER) = le : a - = = = = ; zi a on (OS sx fetes yee sin Om ah Ns eat ge 
' at a . « ' “ ; ’ “ nhl a sotcy rae to = 
ee ete ce | a So oy ae eng FT Lasgies Baro eel ee 

Ee ~ SAS 2-4 +4 saat aed Gk quran tn in . : ‘ * : ~—~4- - . -¢ Z ——J--- =~ -- we ap ee te fe pee gp ee + - 4 - 

‘ bebe ty ati beers {+t s Ls ae SEA SOC GA 4 cual i fee ng = I : i . is " eee . sam Te ’ ’ ¢ ! ¢ { ~t ts at : - Gy ag Gi ara we rag Rares seats 
meee tr ae ee | SL en EL De ee, AS | A (geet se38s fase ene iat 4t.t-03 bos 


| a we ye enees ; A an cae = ‘ SSS qe ee Ee eS 
1 U ! PS ! ; , [eal ' - ’ . 


oe aS ane 
* 


",8} 5 4 - baba 8 4a 
neg he Nag ae poangganad ional uE 


St bat basen eter RC nea 


: ) ; ’ rea 

alge ook a ~ ee eb pee preteen Be HY - , 
‘ 

nt 


Ape ee f= 


- } , f- ® 1 . i ; 

1 e-: Smt t- > = ar ; ae : a oe i E ; i 14 - , 5 ‘ : , 

TORT Ta Ch PLT ea a al Re a 7 an mee eeuig AB i hse meee tl = ie Hs : T ae ®t et al Oh arse eee it SiOulmt Wc 
t Pe a reels ome z ao pee ae é, rea k: x ee ee ashe : s = oe: a= 4 é = J } 4 = 4 oi FA = . 

L pe Pigg je) oe inl b -b2 _B Beaty : afd Bile - = “+ 4 - -+ 3 - ‘ - 


—- NS ee ee eee 
fede te tes BES Ch gd 
Nit dag 


By he Tal ig 


. ° 
1 
~~ ew 


pe were pt @ eee 
‘ 
“© = 


] 


Teigcc as 


=f: 


r ‘ 
ee 
‘ 
i 
~ == 


t . og 
a 
‘ | 
] 
—— ee 


1 ' iB » ? . 
r ¢-< 4 : a: ‘ a 
eas | { F raat - , 
- sew ie _ =o r e+-r 
- »-— -—- « —ase - a i t~ a - -é - 
« ~ - oe eee ar - ‘ ~¢ - i - w= -{-g = 
eel - 
. l 1 . bal 
a i c = Els S~ fbn) at gee ‘im 
y k ’ 4 Ms Chae nt 
= e eet : me tapek £ ee — 
' ] 2 Oe ’ . i 1 
ae = i t ne - f - . * + oo 
: ' . 
7 - = . “v4 += a, a fea - = 
. : esd 6 fi t 
3 =e oe oe oe - * ° 
» . - ’ . 3 ' 
. =. Fa = 





6-19 





eaee aH : 


eae lee pees TORRE COO we yee! qin coer. Try myn! joe |b 5 ee 
neh aH rE; ete oa) Ruad bangequecequaed imendped iy pgee Sane pana faeny sorihees' eft 
as Ws iat Sasa me ae iat -s Sa f TES Beare rows oe 
ait siéi Shai aray : eT tt terete tt 
i 4 We ag! bore - eee l=}. 
ugh "7 So gd Pate -f- Sem a +p f | 4-4 af 


i sane enn oes ae eT iz = 


aaa it 4 atest aa Hy asrieees ft ews geass 


jal ; 
7 ‘ 

: 2 -4- 3 — = 
rf 1s 1 ’ a f "ens 
‘ ee oe ee pe tee hk ao 
- - . mr) [ bi ’ 
+ ~ a > 4 ad 

| rt T4-F+ ei i-yr 
ia H , 
- . Ruy cz : J 
‘ } \ - 2 ™ = 
ee be : - > ~¢~<-} 
7a HE is 7 
4 a = - “ < on. = > = ow § 
cam Haale + ) ial : 
i ‘ t * 
ak. a i Lo) Ol be oe hme ey | - — > 
. , , ; : ry 7 H : 


— — 
| { , 
+ vad + + oe 


ee es 


| ee 
= L 
‘ $ n I : 
ms - - 4 b = 
"Tews faa ji ’ t i | | f , i N 
~ = -b- a = 4 — - if * . 
! x Coit gee amin > 4 i i 
ah + - > 7 = 
. Sit , { j i i 4 
— . - we a6 
, } . : } E i ' ‘ 
=F + 2 SO | ees i = : oe ‘i 
, s i] } jp ase 
r+ 42 . , = oo - as + 
. ; b 
ee : = - are a — : = ey 
: : t iD 
» . = - S . . F i a 


a 

ms feuat Th Pippo am By eed ee Smee} (hea wean puny caged auras Hitt a ae 
le est Hea tl Es aa ests Fest Booed ces) (aa Hea 
ee pel bc bb i - Gimton! Gaon bee tee pa ei-be bs ci! pie a 


? mT Senate 
reli 


ed A) Ee 








A 7-4 
TEI 
9 4+; 
pene ++ fete e- 
i oe o »-i- + 
er =+ ~ eh Pre ea 
Pes i be arora 


hoe 1 a iene 








pee GO) Coyle NORSoy ils tie, ond vgristion of ey 16 Tastrictes), 


a eon CO be Ss calpcns: or cen be SL eat ie aa at 


. - f sew ‘ LS °5 Aang ei ty hi, | 3 ny! a ~ “ 74 y i ei 7 
ape 1,0) Wasi iil | oe ee te Gel wolg Th z ral | ra ite 'F ae GE fa Ciera e 


es) 
ot 
ws 
rn 


lifes ou Grewter than 1] thik compensators tiet oni co- 


Pies Ge Sorbie t7°in® f(b iso wers @ reescnaltle decree of fVasibi tit. 
eee Kf Clonee Commenspicr is erest«r teen Thel@mororriate@aine 


oe 


of Ne listed in table f.1,. the "60" comrensator -*i]l? strhilige the 


peep Y svster. “ormewcr, fork, larre (aerccametely 10 for tiie 


fos invesiimeecucd) the stallite becomes only merrindl when = is 
moo 0, Vee tleitelitr @vaat-itle is feverrhb’e in wiet «11 wabacs 


ef S&F fron 0 to 1 ore coasitle for - verticuler vetue of 2 then 


f. 1S Vorwed waerearrom k r’ @ ile, gusrgiler renee or increase in 


C 
me is sesyitie by inerersine @ es Ke 1a Mainteined consianve = lco 


. . e e ¢ * LS ls if ts 
Merereetich ina, verticulrrly with S" in the C.n to 0,7 rege, 


4 


eves © rezscn®ble sclection cf velucs of GJ, . Incre-ses in GQ, 


? 


Gee bo Chtejned by increasing co. 


Cn the other ‘end, wher a tékes on values grester then J the 


Peer on pegs Ant eerent. Stebilitv “sll net OC Cut. for alleseiaes 
oe Ss 2 ieee r Ss Rect, the svete becetrs vrictrcle e> a tazes cn 


1 eee 


Wee sae Cc Capers $2 roct loci to becom osvmtcsic with the 


, . . - n y . af 
ey rT eae G0 and Wie steer 
Seecctive ty). 9% the acre tive tre fPlerihi lity is rejuced censitcrably, 


eects We reyes ect to the errictiay cf S . Gs a increas cs 


a) 


sheve 1. there devetons « finite rome fer ich the velus of FF 


os a -eoroaGers its Weeer eit chives 


Pees UNO LRA woe Bence 
— r a See ks Beas + cet? 4.2. 
ate! Sevdr eili velues of § are still svoilable, In @titicn, 


elthouch relativels: Isrge vrlues of @, rar be selected, the vari- 


2 


ation nossitile in @), beconcs Jess as = aM rodcyves its lainit, As 


~ 


1 


= —_— —[—E— a. a 





shomm in ficvre 6-12 for a ecurl te ?, the sdlection of FP is limited 
Pryorc inM™eel= to values less tuan %,! or crecte> then C,7 “hich is 
merely Untevoranie foremost scrvo enolications, 

(7ETEoOGy 7 OC Or the two co bentate: svatcms Siew con— 
Sai meh lc agerge of Sa@itaritr: hopever, 2 fer Jif!-renecrs do exist 
Pie 60 2 difference jan the svstrr's mccawcnsated roots. If one con- 
Siders only the situntion ~nere a dors rot. erceed 1, then t-ese dif- 
merences ere nearly insirnificent,. The wvrimary cne of the se 15 te 
mactw that good correspondence betwecn the precominete secticns of the 


Somolex root loci no Jonser occurs for values of Y less than about 


eee. 


—— 


(>) "hO" compensator with 2 equal to 

Tor nominal velues of a the ccmbination ef second derivetive 
ei premportionid teedbacts dors nat vorovide setisfectcr’ cop ocns’tion. 
Memereia in fimires G1? -nd 4-11 s=-tisfector Comprns-tacn occurs only 
erter @ is increarey ic the aztent that the orovortionrl] com-:onent of 
feeeceacnck ca-mal@emin-trs, ren this comnenseter en mere an -ro- 
mieial@ly he consicered fe consist of nresortione!] Terdcack @nime: Bae 
Pemsc@ £°1S trite of CommenSeticn is no were than a fain retyuction in 


Reemoven loop functicn it wall not }c liscusse 7nv “urther, 


D. Completely unsatisfactory corpensetors, 


a 


Mio of the cormensators investig- ted sere ccnsitered to be ccm. 
Beeue'y unsatisfactcry. ‘ithcse are: 
1) first derivative feedback only - shoim in figures 6-2 


Oce6 


Gata 


(2) second derivetive feedkeck - show: in fieurrs 6-12 


Ande Li, 


These cornensetors vere comoletrly inerpable cf strhitizirge the 


6-2 


- S.-W ee = 


- 





ha 


a 


sats 
isa 
{ 


ce 


aos 
ry 
+ 


r q 


fl 


eg pa 


oe tt ae 
+ a 


ease a ra es fee see an 
13 are § sp [ J +4. - 13 wey 


= ela aetna 
Saeruae . 2 
ee 
f+ wa 


Ht ae ae ee pis ijtt. J. ae eee se 


Eee al ge eee 2eEe 


crt Lett ate oy oer Peer: 


tH aeaiae +E ozedtsic it Preitet 


. ates ee : te ? He 
co = 
eee 


St ttt popSA ESS 


me grrr ie reas pores 
é 


errr ea wh apixi Hi pee Tt 


to} ee 


Oe 





p ; a ia - ~ a 
e. t pe ‘ ; N ii; 
aS - o--- canbe a 
pS ee AGS SoU ies 
rina | 
oe pan + 
ee rn ae ir ores 
4 








nas mint 
oh abe 
‘ { 
q } Tiel 


5 i 

=) 

4 ' 

ans + ’ 

R , 

‘ 5 t 6 seilaue ’ 

Lee st fp Tye p 
ork 
pot 4 


' | z 7 

i Tae es aa a rege : S| (Sea ‘ee AT Bee: 
= ’ ‘ ' , ‘ a | - ri} ’ ' : E : Cal eS } ei: 2 i] e vel Ps 
eae oo beads a, Bw boat ow | aga eae: 
: aes eeess ap ttf Http Bo ee aan Sod e Sa ue SSW Es Peres PUR ey 
s- BL be fh $k : ae Se eee oe & ae a stay ee 
x i hi 


+ = 


Grats Wn be eect rece ein eee eee 
Pree SR et ore er ch HEE Se eet oe ee pa 
SN ESE 
“i+ PN HN 4 |- 5 ae ae : rt HA aoe mon 7 
CRS LNG NEE to Geaeee se Bg coop eee ae 
a 
Ts 4itt 


' 
eee oer oe 
‘ 
, 


ib 


| ' 
re } rt 
1ES= ttt 
a 1 
ae ‘ ! rae ‘ 1 
r : 
{ | A > 4 
Lie all BS h ‘ 
, ' t 4 
i | 


c e 
Kee PLO ae eee 
it ek Sas 
A nee { ote ee - ma) -<—e- ff - 


B H 

rapeecseg ceevaeaes 

cng fuged sasen fenas 
iy ee ms Cee ee 

i Giant 


se + 


' t ‘ i a lies 

ata og eral ea) ae fed ‘ sen ew 
. r 1 t i -f at - = ~ ta AF k - ‘ i 
ee ; ; ‘ * a. A a . : spt ' Smgee SS ' 
Ss Sees Hie ee b . : ; Domed E beet ter Ph Ha ett Be rath tbs 


eT 


o 4 ‘ 

a oe 

' ' 
i 
1 


trerbtiot eet pee 
tatatsint Nata ater laloeita = 

oo oo + tt =} ah — 4 

Meas aoe ' aC 

ny Joo a Set \ 


oe . ‘Gua ee ‘i=in 
$ . ' ' ; Lae ) 
a 7 FE A - ' . . - i } , : i 
- et a Fi : tah mal —| saa fo 
. ——- 0 ES =- = uw eee ante 
- A. ak me bm + - -§ - te — fim . 
- aatine Sr 
= a eees a Ses Se enrnn aSertmage wg 
$ Re co Bs el itd; jel Wa / ane “StL 
weet + of 2 
. | H 
; : 


FES im 
ee aia 


~ e _ — 4 a - bape 
j : vt t 4 n f i 1 
; = - - ' b~ - - at 4. as t 
MRT t , , : a ; - : ’ A 
= —r = : . ; ‘ -_ ea 
j io. : i é mses Le ae i a wee 
, nee: ns : } 1 ’ ies 


: 3 ’ | TT ry 2 | ; 
ma }+— ; = 
- ‘ cil ae Se ees L : 





iPpOeGoctewo yas: terctore, theym@l!l net We discusseaeny further, 

o CMe 1 2°4%7.0n. 

In view of the fect thet tyc systecs have been incluwiea in Groun 
My it is fossitie to note the derrre tc “which nermalizetion hes bren 
Bp lene nved mit respect to this sroun's reot lecig,.. comparison of 
these root leci reveels the fect thet al! the remerks mzde in secticn 
g Paupenesnec. tO tiie nermelizotion cf these root 16ci aiso enaily if 
thas section. Therefore one is referred to sections 5 and 10 fer a 
detailed discussion cn the metiois of extendins these plotted root 


Meet Lo syvst<ms which ere nezrly similar but whose paremcters are of 


Peotticrent mernituce. 


7 








Compenseted system FS) k fe 








AES, ? 51 Fo 
g Calal'C 6.990 


> 
>; 
eo 
ie! 
FX 
—J 
cD 








2+ =e 





1 0,260 TA@ er 
: 0.398 Cee 
f ane cso ; 








; 1,228 “ohn 
I erresa O.519 
6 Mel 0 Lae 





2 Leo : 2.9°5 

3 Ooh tac 
f = t cr 

| on 5 es o> C1. 


alc 
se CE ir {ace 
é C, 29 ro), 





8 rr Ee Se ee re a ET ae 2 


6-26 


EE a a a A oD Ss 











Compensate’i svstem a ass i 
20 2 1, 225 3,279 
I 0.362 5.fos 
6 Cray Tecee 
1150 6 26 5h0 219k 
if 2a 2,0 G2 
G 1.170 3,165 
1550 6 Ye Abas 2, F110 
¢ ur 2 Ge 
€ eee> Ball 
hoor ce LE ee 
1160 © aor 50 
2 aS 9.509 
3 2.60 ere 
I Oye n,€22 


TABLE 6-1 (contd) 


a 


i 


4° 


-_ 
——— 
i 





— 
ln lla as 
ye 


| 





oe 


(eo ee ee eeeernc., fourth order s ste, 


*, Meeerel. 


Piemonte scctsists of svstecm 100C) Il 1s 2) i pe gene ee curtn 


vy 


order system, The block diasr-m, aleng with the unconecnsatel rocts 
are shcwn in figure 7-1. In the uncompensated condition it is unsteble, 
having two commley roots in the right vlane. 

Be Gem™lecvely satisfactory commensators. 

(1) Lead Metrork. 
seetecit for this convensrtor err she moan freon) 

fee fOr a less Gien Ll and a less than |; resnectivel:,, These netrorks 
mewcerparcke ci stebitizines the System c:ceot for the limit ngs 


of a eons! to 0 for shic>’ the sveter is unstable, 


— 


comolete renre 
een from 9 to } may be obtrined: “encver, the Gand aths are 


eiremely smal? for ortirue veture of 9 from ,' to 1.7, Trieenerae 


| 
ia@ oener velucs of G), are ontainerle es the value of a apepescics | 
ite vVeive OF the cotecensestor cl@p Tris is, in effect, “vurcachine 
a 


mie 2 O.0rticngl “eedtack, Wowever, 26 .ignt also Ue notice: Gare 


D 


stability would recuir 


precter than unity reedbec;. In general, 


& 


peeryo lle of S incresses ond Cam decreases as Ke is incercesel, 


iene 315 1s mining wale cf cowmpenss tor main, k., wich mist 


oe 
a) 


Peemqgt tor strpility, Tis ve’ue ge in geners? Cadi ie, Vier 
of os torvevamwacs of @ i1S@mUn in uehle 7-1. 

(>) iret lerivetive 0s -rokerticns] feetiacr, 

Pieee loci r+ Bxeum in fisure (10 for a Oo olecr thane, 

Boe first veri tatite “eetracr (a eaucl to 9) is wnsteble and it as 
Mipearentb thet the oroport cne! component has en trrortany cio: co oeot 
the cowpensetion. A complete r:nee of F 's ere alse aveileble vith 
Bere tcc@emcms tor, but its bandmiga> for jigh "9% 's fe Siw ited, | 


fet 





1 
“pay 


Ti ’ 
eee fr 
44 
iS 


tof 


iio 
Ope 

bpp 

beeps 


4 i. 


nee 
Bas Hear ig 
ira ae =P 


moe a 


tT 


heroes 
pacers 


tae 


wore Bre Bee 
‘ gees 7 


‘ : ’ Eas - ’ = ' 

a = fare remem arerne on — “= < + arse we} * - . “ > = 

Sere pe 307s ie con ee ‘ ee on eee 5 : ’ aa % & ee ee 
a - ‘—— + + see: - ~~ os- - I . 


a ae» 


Ansel resent ‘ Ti crt Lait ore vit ieria i 


~~ = - 
a ees 
Pa 7 ; 
ot § -- + f -- et 


mis 
pee 


ne er 


a 


ec emeom f 


= —vee- oe 








+ eater go - 
=e e ryt 

sf cf 

pr Sern 


aes 
ta+45 


ve Fam eo, 


Tet Be 
Se eee] 


pe 
b 
fate ia 


Se Ce 





Be 2 eae : 
Hy 


pete ci 
Bae 


AE 


oy 


-= -t 7 - J "ek tek. Be Tyee 2 ot : i, . a - ~ oie ;- = : i 
eal peu pen eat Pe Pk er eel Se ate ie aera Sa. ae ios ~~ 
i oi Peat +e aaa ind bc ere | co 3 . r oe i = : 
bl , ’ ' - 1 . . oe 





ae eh a bsee ges 


+ -- be § 9 
= os oe Gee or on 
oh 


- ——— > &-- 








eS - 


1-— - $- 
- ! 


fa aeiies 


ety =T 2 
~ a fe eee ta. e H -$ q- value a7 
, 5 J 1 * oY Sol oH .. - nee 24 Geek ~~ . be ‘2 n-- + a 7 fs : 2 ee © 
= ’ ’ oe i I a a it OSD ee ee : aes 
~- " a 3 + THY a I 3 3 ‘ of == + op e peene- + age - + 
4 a ; a: “Tine bb a“ aaa es 
: Liens» } t 7 | { — 
! te: a —— ER 
Hy epee ‘ : 
Li Ske —r+4 
~f bogee f — = 


Hei odMoana tthe 
epeskeoe: Nae ceucg heen: 
me és 7 bi rel rreetg 


fot + 
mate 


H 


bev 


++ -e— 


t 
ti. 


ah ket 


aot t 
‘ kwae pas ; ‘ rPr j 3 a ras j ; a i sf Rar}! an treet 4 gre 
al i ts 7 . - ~- 5 of a ~ ’ Bh papa teey MS ; td - | as pts it fis. se Saar ee ae SS Ie co a 


a 

~< . a Pit ant 

rete bitte bt hy ft pt 
sane deel seed 


- ° ane 
Ht bined eee eres Gabe - 8 ee eH O- = pore & be 4- ae - pei 
| em earn : ocentl Linear a Mirianan a 
, 
pp ae topes mee foe 
ee eae pee fe + a 
i «ae & — Pe 2 


Yo t eH 


Tat eee 


tax tt tc tatoh tatatah 
: ae 


Bacces! (srastesea ead 


‘2 
t — 


yo ES 


a, -o—t ome Bey 8 J em - 








e . = es 
a eee Tt 


+4 eel 


ES) a ; 
ene bee tbe 0 al) | | fa 


ti Leen Sa Coes gimme: |e rett a ages 
7-4 - F ie aa af on Ty ; :/ aay im eee 3 aR | 
Baap RerosWEReG sale HR, (Gam Ee, OM i keoee aseKe Coches oe 





(eee rare 4 - 5 als 
brat (Coie) |e aa er ee ; 


Rit 2 
me ey oa 


dn es eee Bak 


: : wailed A =. . oo = Be BS or See © : PR Digs w Ul be 
‘ oy o : , H ’ ° Pe 

ae 1 ee a eS et fi ms ee Bi! fr 7 
Cai PMMA lmem tris Sati scoeat a aa nel rent i inact oan ‘wre aT nee aes, 
ae = hoo; ot ee 0 {eorzprprere cet ‘ ° Caer al ' 

. : rage oan > 6 1 ; aT aes a : an ’ : “Tes ' = 2 ws Soya i ie 

i al Vat ’ . oa. i ? ih ot , } te , ' : { f : 4 see: Pe cS ee 
Se Fe 69S mee ie ee ia ot Fane penes therapsn= 


eS eee ee 


aac 
ae 


tebe wale + -f-- ett Hfyetht atatahatitstmat 
? 5 — es fs } = ’ ? a8 


7 1 A 
Sed tm 8, 


4 Fred Wen 
ieee 








ne i a NE - - . . 


many staugecemtd: 

my Be cat > aia | 

-tohat {to +44-+++}- 
s r an re F 


b-{ ye 


AG y Joong ees a wae 


- 


Vere, 
Oy Lif sine 


9 ay: 


pea recede : ii : : t wea pees poe 1 Ma | oe = cad. a a = " ad a 


ant £ 
cae 


sshisttt 
Tet t4te t+ 
ame ere, 


rittbtaribe 


“ont i: ! 7a 
Preeti ri 


b . ‘ Mei ia. 
aneeer sed) pee 
Hite tet 


, ' } 1 + 
1F $ S| fe pee : tz 
iat) -o- $- 1 eS ae ogeeetine pa 
outa 5 ] Be Ra ri t} tare 
' i t ‘ ry BSR sae, 
oe a al eres ea et See as 
cme z canis a 


a 
icon alee 
every Ty >) = 
as Be 
+ 








= 4 


—-- at 8% mee > 
{ 
+ 


t 


} 
i | | 
Pade 

; Z 


fie | 


Fe 
me 

. t, 
i or 





2k 


ewe (caw tT te 
: } y ' } 
roket TL a et ae 7 


den mpemdn bm { attr , ie 





art 4 ap 


4 we Oe <- Se —4 
rat bo oe 
BE OS we ne Oe | 


| SESE: eo 


a 
$-+-2— r= - 


eee dee in. 





~~ a 
13 PS oom oe 
I "TS | 


T Coenen 


bad 


Te 


=t 7°R: 


etre a 


Rare. er 


—— we 





abs ft] 4 nal fe 


ee PER a 


UT iae 
mete Be 

he an tie Bears 
aaa ee 


= are 
1 3 * 
r 2 


a 
§ 
wdrobes inp Fp--4-- b- 


emg wos Perec 
patties 
Lt eee ia @ a 
ei ort 


2 
z 


Leer pce tet sua? . 


She fede tee cet be ond ao a = ne ete og ~ Sor iat an 
po ire! Tens iy (2 & : ree Sd Ue aes 


F lat ioe : — at rae ES Oe ’ esenanl aan en een Hine sek fone - = bry 
ee Seton ne es r+ sie foe is Son ann De t+ +-Frr 3 - - ea a * | 


: Tt vs = 
a i a8 é a pa Pereete 1 Pre FM Ak: H 
Sel el Ma on a. ey Sie 2808 _ +e —_ JS bh Bat Spo 
cee : abe = Dn het peel wae Cen 5 : : : WaT es 4 Ek vue ——. ee: oe ey = ooo ht - 
ie i i 5 : * ‘ F ' \ é i: = = — ron 
: Seal ie ice soem plc °°: ; Smelt | eos ivr 43% wanes ST os pe 


a ae 


Tea whys 


: at Hd a ‘ A ae 5 if im : “?t 
44 $$ tf4 ly + eras Mare amine frnmenetaar 2 Nace eae & 
7 ae pane Fe Boyes 





s. 


ee 


a, 


4 





— 


ou Aa 5 IBF te nee gaat epee 4 poe “ naan 
444 rT in TTT ey 


Hi 
Sizes 


ame Frtr Ry 


af eset ered trey 
Pri = |e 


aH pereatt HH que al " 
eee ee ie | 


: 


HEHE 


SOC 3 mer isastfezst saead ff | | 
: < : al a: jt 3 - ! fo ~ : - 4 ast a Jeet ki ee ra) Abae's 

deekis, at nei bses b reer p tie = Ta aris —% “) 
ue att Thy ag ar apr ainnin : x St : Miemitne ie 4 e 
itr eet thr acy feces eeclites 4 py 5 ee Sa io. Seg 
es | + i 2 ane 1-2-1 }- L 


CA 
i 5 + 
ale = wai -~o-2-4 = tn --be 
S|) eo _ 


PSY ye a ee Serer ey ey Benn 
: ; poate 
Sees a eae bert eae fl ee : 


is oie ee a a 


; ' S 
{+ Sem 


7 “rt we eee ee See ee 


fatee bed za” -}+-, ol ae 


mag enaed hewad! < 3 


=n AT aaa 


walt “| Vaal 








Increasing the veluc of a increases §7 and Jecrezses Gy. slighty, 


Wut its@i fect is not tco noticesb'c ebhcut a ceurl to C, Inecresesing 


Ke SISO 1ncreace = A DUEL. CeCr ee es GS. ° (ere Te iSsol or at 
mew ive oF fain, ki, to be ret for stability. It is important to 
) 


note thet @n incre: sc of n reduces K egal Ce CONS IOGear: 


(3) "50" comensetor. 


“2 


jesse elect are scm in Tipure j=5 
(S°+ 5$+2) 
Cc (S+4) 


2 
iodified "50" cormensetecr of G. = k az me ving te iieete a bl . 
meaiiicd "5 0 sote 8 ay eT ,e th a fend ly fem 


Curves es b was varied from 1 to €. fhe normel conpensator has loci 


for the normal "A" com. 


mensabor of CG. =eG . Figure 7-6 also ehovs loci for a 


Merve sii iter bo the first jerivetive plus -rovortional feciaback con 
@emsetor. in genercl, there is not much chense «5 a is reised above 
the velue of 6, Vorever, it should he noted that the "far" roots 
meman to incresse their j]®We veluc anda this night have some nce 
Maiceable cffects. A commict: ronge of SS” 's are aveiirble, but 
meer une bendnidth is soacw#: t limited, 2s kK, is imcreesed, Q> is 

Beerensca ond G@), is decreesed slightly, Again therc is a minimum 
mee ue of Kor? for stebiliity, vaiues of “machi are given in cable 7oie 
elthourh this aonears to be a fairly favorable corprnsator, it is 
shorn in fisure 7-¢, that if a is held constent end b is varied, it 
Mwe-ossibie for the svsten to teceme unsteble. This ras the effect 
Or 7 oOvVing the system's comolex zeros towa@m~ds th@ right hend plane, 

GC. rartially satisfactcry compensators. 

(1) Leg netyork. 
Mhese loci ere stiven in fieures 7-2 ena 7-3 for a greater 

than 1 end a grcater than hh resnectively. [ven theuvg> this comren- 
eator is listed as only nartially sctisfectcry it is allse the most 


Pvexible, and orehahly the best, commensétor investigete’, It is 


7-9 


el A A NS 


* <- 





oF 


4+ + 
44 


rhid4e | . 
rrteyitje 


wipes 





Janka ee ra eee ese: 


[ae | oad mp my ee 
1 a ‘ 
é 
- 


Sey are ese eeel oe 
eG 4G ae aes gee Ses 
conan haa 


4 4 i = r = : 
‘ i : ‘ me i } 
) —+- : +——- abe ‘ : 44 a tt fal 
7 er | eee cou} (ERR ay. Pees mec cs t Saad SaEy 
1 i t L H rs M t t 
} i 4 aims . j ee ere t ality a 
BY —s~! a =—— as = lat + - df i apa ik 
rej te TPE Sh) a i 4+ naae 
1 k in F rl . P ; my t | 7 TF H 
? | . ' Re , 8 ' 





— +++ t+ ~ 
fe Ee ES 
ieee Teen 


eT ean ta 
ues 
seape 


PH HE 


7 aw | 


bi C2 4 
tet (Broek g = | aber mecery 
ety ae Toe 

— - 
2 e Bat | ee . 
Cae i 
rr . 3) tetera) (amy hie 

ne ey ee ea ere Se ae 








fT a a 








i 
j--he 
























tsa ete tet ts oe | ae ee 


- baw | — -2-4- pS 
|e a 


Se Tat be at ett | eee ae A ipeaed | et edb PS i eee Rw OR. ee ae teal i, 
SeTmeeeeePty itt aa, cog, .Saenae] Akad capes hee sO ROBBE PAS broncy eames Pong s i) lee ea Ned er AR dy cre ls aes AA cos fate} ope ATH RSS | © 
ah 55 apa cmueg mie we ied ce | 
pauegakond pwesvenaog se ; 

* - 


ae. 
: , =a) 1S ea eal at) See sy Geni a rrr) ser - 1% “e Ii to re . ¢ ’ . an) . . is 
Sassaanauaneas [neud Sonal peaed cnnad Wolud Gueeg Sean Kunxd Grams Weepe Cane Oi ees PURER RERES heed Ghai Sue bre 
5 LLU 2 Ss ae foe Be TS a br eer i pe EMR I Ll RL LE TY Ls ee ig ie Haare ‘ sabatne tl 
7 ae a pet Dll pie toe oe HE elas a bo 
Z + b. ian . ryG + bd — 


= : foto on eo ee | 


4 








“ort | st aida rt are 
am TEL | ria 
ro alll gn a ‘ms ihe 














' 

































































Matstis Stuer toh aces @ TTF T 
| Boe ae oe ee 8 = POT ar mah (Pum hd a fi BA STP I SRT 
‘ 1 = 3 = P : 





























' 
1 











Peete 


' t 

ik ae 

me = : . ; - ‘ u i. C “Es read a 3 a os $ aaS SS -- } 
: ~ > ae oe: at SS ak mae io = . Bi ig , : q * ° tie pee 
aa hy i ts ae ; ar ott | ah a oe | } 


7 . - a 
to (an) { } t “4 ’ | ’ c 5 per , ope Pio we Bat 
Nac SU A aa ; aL. T = i : $ : | : 

———, + : " . : - 
{ ‘ \ \ i 4 / oat Vu , = = 
- - fe —a = = =e P 4 4 —$ a = + = - - = - » ° 4 
} Fi ' fa - ; 4 re 1 £0 f x '. 
aa +4 i <r ae 4 ——t : am oer = s . 7 r a 
: : ' fea 7 7 ' i i a= a a - _ | 
S| ae -- - ~ = = + om ' a 
Sr i 1 $ P| os i ‘ 
e. 4 i B 
. ‘ 54 i 


1 9a genie: 
Oe SS EES © Ween 
are Oem es ea 


gauepaene poces 
sae ce ea 


. 


e 4 
t 


os om pene 
SINELLSAS © 


> 


t 
4 
} 
5 


7-10 














_ 
it. 
ey deta 





—-"—0— 
‘ 
ee 


] 
vite 
, 

tf + 


— 
' 
+ 
I 


"a 
(figs) | 
=) 9-4 


re 
ee 


oa oo 
ale 
1 
r -+-4-¢-4 


oh -- 





sal 
S 

re 

+ 





fe o3 fopit h Gs iid 
Teter Lia 


iz rq a i x + 7 a L 
fi , { { » , ie = See | = 
=t in Pe ’ Rais ? a i + 5 tf a 
aang regenhaenk paswg onc pe +3 
- $ . ty. -+- -t41 \. = jf sal rtd t tt 


| at ‘a 
—_— stad 


Se a eet berit I+ core anes secret +i = ra ae 


| 
tb 

ceacif 
jane 
tn]—fre 
Ho 
ca 
44 


ace 


€ 
i 
7 
i 
| 


be 
+7 r 
or 
4 
i] 
Beane 
é 
a 
I 
i] 


alee eae ee eee 


as pa yw as fea HAY. N rtp saat 
mates 
t Feige st fh 


fal 

| 
= 

: 


are 
a 
y 











El 
ta 
Biss 








Tee: 


|e | 
-+ 
(Gl mince 





14 


—~ - o> Leg a 


chit. pal re et JOS at SOHUES oa a Roe egies 











A Shae Lr aja teins aaa 
ena fast eastctad ad Hoe pr Pere pee Hath aah 
He LRP GHEE 


a tim | ARS TR UR BTS es a) |e 









eet rea 





oe.  RIPETE Gee 
Gate het te tad 














ate TN Ee 


ed ere eee 





| aaa Tare eieats bene’ 








cea 


= ohaeyy 


= Five ied i eae ; tapes on + ee Pa ao 
a qai4 Hae Cl oomated ole Ls See 

‘om -_— q van ? a asi * id 
ett} sift Lge oo tae) ee Beer 





=r 


3 wie) Bt. er ois.) 
bates TP | Swit. ¢ mare eae ry ae rif eae i i 
7 iv bee Hitt: ra +t rte etree + ti : 


“q1 


nn Ee ee an ee 8 





ieewa suhag tenes seaksuuase 


* ) ' eta aa 
tis ie mae Ato 
' bs - os yy ie Bi : 1G 
= +4 {- <1 poral feharsa 
iia ALE Cem REL all Sasa a 


ere 
2) aa ms are eas a 
Bile 


Wome] A Speer woke kee gk Sd ee 


Boe 5S SER Pee 


scabed Wawa te cogebowebens yo 
2 Cun aa Le ous te hal + tay rie ae 

HH Suge RG baie : pe . ae 

te mop ' ' oars ' . 1 beh Ven: Poet Bet te] ‘> ' 
Tis PY a et am) Lay k 
Dee un eaE wk, 
: tt-f4-$t+4-+ 
gama wu 8 Fa 
tt! res 


Sigal ena: 
Suarirar treatment 





“eo 


sank 








ttt pet 
- -- -— ‘ r- 


' 
or 


nd BL 


A) 2ccre Bee oe: 


| 
e 


eee B= 
Petes tary | es 


qe ae 


eee fe bees 


; mn A 
Spe eerie ateter GR ents 
: rf » | i 
t 2 : eee 7 
’ 


fl 
a - epee a 


——— wae § - 


bap oa yore pach ed 


-- | trees: 


-- pe —s 


' ea is +o + 


ae : z 
CL Pee oe 
ee a Be ig iran ——— . 
~ — 


Tit | oti ae 
{iis Ts - ae 2 
ue = ey 


wed soe = - —- -—- ~~- “~s 
ion te ap Ee j ha ES resis aces 1 
*¢e- (ae Vat ie 1¢ = emt ee@e-s r- ‘ . 
pet mp enweeme= fee bee §-—- —- 
‘ t 





Teg Gael] | eae el ee 


os 4 


, " r 
= fii —s es ta ot Sates ochee alt atoms Dien Bheeentee Se 
o 6 ' ‘ ii eee . ae e : 
a = - — = “ . 


tod bo it f .t+-4----—5 


bic eae te i eS oe 2 
A aaa aes Gees a ee ee eee Tt : 








7-12 





= _ A, TTS A 
he eo ene ee eee pew we es 6 


= oe - Al 

ett oe ae 

wetted bt peedab i - 
cased a Oe. 4 ry 


- ' 
we 8 eee, -- 6 Cs 


Siyaead pesca eset 


, 5 ‘ 
ee ' 
* ¥- 

‘ T 
aw H a : 
‘ t ite 

az 


Lp. y 


bot 





eyhsga 
is pages pages ree 


Ratthrth= 


IG 


SOUT Dep eter ret 


ares ee cei 

pe tunes Cae ‘ 
, a a rn ne 
ae Meee oe 

‘Pet alg en) See eee Les 
> F - f .: eat 5 
iar ee 


2 ° 
4 
—— + 


| 


: , 
apa ys obs 


> Al 


a Sele 





7-13 





mr o ’ 


Oy wae tially setisfactcr~ since YO <ees VaR CGO unston!4@ for kicher 
weemes Mo a. 'owever, for the vrorrr rones cf ve ucs of 2, » Midd rane 
fies) 's: and GD, $'s arcmevoilati-, Mer the lomer yalics of 2, S 
Will increase end Gd, ~i11 deercdse slightly es ccoaans®tor “rin, 
ke, is increased, By holding k, constent and incressing a, Cae eal 
ieee ce, rare ig te 4 iting eater for instability, fPovweyqr, as 
Previcusivrrniticnrd. Tese va'vnes erg sic’ in table 7-1, It shoulda 
pleo be noted that the ‘ower cernensator nole (10) is more satistactorv 
then the lerger (20). 
(2) Second derivative nlus nresortional feedback. 

It vas found that pure second derivative Lecdbtac!’ was con-~ 

Povey unsatisfactory, but that the system could be stebiliaed by 2 


5 o> IRESC\1LCCit eae "sree 


hyen erount of prodortionel common: nt, 


{ a) 


fieure /~/ for a greeter than (C, Vere the commlery zeros due to the 


Gorocnsater are loeste? on the AQ)e ovis end incresse es the scuare 
Poop ci a. fhe syste@is unstacle for Low vaines of = but tecraes 


increas@e, After stabliity’ 1S ettained sua oe 


6) 
cr 
ab, 
saan 
4 
40) 
Ld 
Ch 
| 9 
} 
G9 


one S iseana G),,'s ar’ cbtrirrbie, Tete thet that mir wmco= 
beer Poon for starslitv, '., 18 verv low in thase Cases. Gther= 


Pio © loci -re very similrcr te thle first deriv-=tive Divs roe 


@erouicre | com-ensetcr. 


(7) "60" Coweensotor. 
Tis cowmonsatc’ is capetlic cf stakbilizin@® thr sstem: how- 


ever, it hes a ver: Titited renge for velues of ® to be cifective. As 
Seen free the loci ir fiewre 7-0, increasing a bevond o wetue of 5 


lh wakec thee Svsten conmrictel’ unstable. Fer veluas of a seremect 


lover there is both a mininu>.cnd maximum value of commuter cein, 


oan: for starilitv. For dven lover viues of a, the Ss ste tren 


reals 





Fig 

See A 

ame t= fa ee 
“ ap le 


as 


+ 


a ee eS 
, , 2a 


Sepeh pf —aemig 


== 

e 

, te ny 
+ ES peo <8 Ps <tt> 
Bape fms Ws 


t a ->3-F 


wane ponas [anetanes capes pnnna petel 
et - haeade— L4 as Laie! - z 


: a 


a ae 3 + et << a. a ew a 6 SO one Shan rm ar =a aopewag gan sageueun 
toeea ae we eT Ti ee || rota a, Sad ea ; » i ’ ee : 7 ml : cae pete Dad oo 
ga ceoTs me ; y j ‘ ~ oR a Wr tnta, OT a TT ET: os I oeas sane ase 
agagen SP a © pe me ke j_7_, as ’ 4 = ; BREE Res + b-- $44 was 
, . a t =% an =T -~ i _ - — -~ ; aad a oo “tf l- - ey - . : 
iS - a z é — af a 2 : r , ot i ; . ! , jeune t 3 
~ = iis | yor m - 7 a re ag! * = 7 S 2 7 mh ey a 1 ‘a a { ap WE oo : . te ; é - 
eagiee fad ~ TED a ae) Wi el — = Meas) 28" eee foals lee } t oe eee 
i mt } ade tt a ere , = jsut Oe qs Mame Dom Aa ae 
: “ 4 4 ; 


mr pel wd ga 
, cay SE a, Th ane 
2. essed t +4 - 
Aw SO0 Ce ~~ bee 
ee aE Sal 5! 
= apis 3-2 fl —- 
Bea Hy ‘ieee to 
+ fi ee ot 
i \ wot ee line to 
eclreris mead on 
re meen | i 4 
' - ‘ 
fae 1 coe ' L 


ob 4d omy 
| jon (cu Ports 





poe | a mas: Eg ES aw ee 


reo ee orp py ete PR Eee a ep S| pea ee cecil aesitialisas 


Guedes ‘ ' , ) , Gor 4 aren 7 aa : mites E ee ' 4 . ee oe pa = 

v: Ow Fic om reas SORT a a Paws 8 } F ; ] Sie Tre A iD hae slurs : Fou : 7 4 F rf aE 21 Gee eee mt Iie t---! ve ‘ 
" ; Fee a ; " ‘ i Wink . ia P a te : 4 r a, ; ; : : a ads F bs is = - aot. 

or: mt : i eT wl iat 2 | Rae . = ws, = - : J) es PAD ea se : 
rf ' ° ry ’ a ’ im ta 

ren - z ‘ 


. ” — a - 


mathe tee Ht te tHE HH HEE ee tr pete peep erecta nicheret pert 
* ce #S es —@ enn fare ener am pasar : ey em ye te ee mete : 
‘4 


uh 


’ 
eo 


to 


se ne ne 8 rte wee gee eee 1g ee Sas fete — 
rf 


—t ft bie Fn / ¢. 
rr 


——e i tr pote 4 
ua . , Li ' 
- fh: la) ha 2 | T 
a ‘ 


1 ae 
* ‘?, 
- ee 
1 oe} ' ‘ 
' 
® 
—_—= 
q ° 
“= 3 
e 


—— 


[RSS Poy STi | 


~~ La + 


, u wow bot j - f 
7 ‘ ; ; { 
4 ae e rg, oy > — © « t. 
ar “ans ro t ! Ps bw : , ’ 
. a . - ——4-- 
E ‘a: > ‘wel , : | ee . 
j 3 1 z | fall 7 y ' & time - | fr aia , b> = , 
. , ‘ — at = , : : . ~~ —$- 2 ae —t- ese = 
; t t 
‘ ree e b> — j Sica ne ~e = ars | ~al « ae = a « 
ee ' ; 7 : ' , , 
- a - - = e - - - - - -_- 
> h Bae) 3 ' 





le 


et ete ett, inn alle tin i, mm, «eet, € oD oe OE GS Se SO eR ee ee er er nnn at ee Be re 


Pibizic aah 
Hales om ae: 

— Sea RG aor [ae J 

. ~~ aye & a 

em tie peat 


lites a 
r 


: ‘i | ; 
‘ - _ wee. A ae de 
canal ae A Li! rae ge 


ae ate lS ey! coe 


= too 


prose veaed teat 
ox” ines geEny 
dale 


te ee 
-fe- 
2 OE 


4 


Se 


AE 
ae 


F 


: Bie 
« - 
‘ 
. . oh 4- 


Se ‘ : = Bt : 

: ie: = na re » zh ; eee BO a ce ee 
pabee Pewee eaung Praee epee brews faves Ceeee eeeed pores cone a Senge ped pad gg pany heaag Ree ee 
-ttrt a ! ? 


=} —— 5 ~§ -. 


ae 
+t 
rt 
Ble 





; ra ; o eo es 4 _- «+ ee 
gil ermal oe fetets me ah as t nana bane eae : it Spits {t- v4 pa maw itd Gee is | iT] pit Vi t+ ene 4 (ti I 
ae a : : : pee t : ; : EAI Y ; ae PL UT c ae i a = tse Om es era ere 
eee tot tat Bite Seo op oa Peruse el ond Ue See bist =} See atest San TMS etme d caerant rey th OL cae tee)” amet! (lees eglt eent ces i ie F es. Zl iE | ae — = a 
> gc . £ ! ! ; , i ab lu + { : Le im ol i ~ } rues iq A 4 | Canoe f - - ey oan Pog Ci eS ee Ug or eee = Cia : 4 _ : ~ A 
Fea Ge poet} ita - -- 7 by—4- : 4 +14 aie B + THT oe i DOUMESARCS EA Uwe | WC eee gh: ee eee it rales geri) ore Si Ber tiem veg ale Mii 3 2] a fi . ; 
ast tq a I ~4 ~ i mt $y sine + Bt! F an raeeh ae bart ; i) i Pode pul iB (Ce a ee ee + =: def Php pt bits ! aE raed air a : o or pemiamcraem Aca 4 <a aS 
* 


} Z : : t a | :  . 5 ee ees J Sek Jel! Le 
fal Ls fet ae -ar » , ' : : ae t aes , 14 , ov ’ : ais ; aa 


° } , i i ; — 
Ome 7 “} ’ , 7 Sr ' . ae +> 4 ey ’ ri rr 3 ’ , Ao ’ ; a - b, 
° one = : - i mde + ok apie | — : 
5 oA o 8 , me ‘ . “oa ' ¢ F Rial t ‘ . = 5 f ‘ ‘ - i ==. : oe Gey) he aap Ms ee ee tamil 2") le . 
Fee A 3 pa an bless pag SS ue - - -* : = 7—+-* -+4 _ — ’ hy ° neat > > | > 5 '. Hi ' S| Sy EN 
A 2 { 3 3 ° Lee Bs oe t =) el bse ae oes yee GA ~ = ~ 7 Cee ee = =s-F were 0 - $+ & b-f st ---}- : ~ . t 2 AD 

af ‘ u 5 S { (eee ’ 
2 


t . 
+ a | ris De me tt tateric HEE 
- = - Se ae eee bah ate ee ee ee ~e- - ne be ee 8 oe ~ 
; 5 _— ; same TOE eds -: alee! eet eee ele At 
re - s2 e . te = = fee —-- ; —_ ; 
i ir ey : Lie a eee i ee — ‘ - ae 
~ - _— - - Pomel Oe - - = — — —_—_~ 
ra cr os eit is a ae = - eae pot mp = Sess ms : } = - , an ber =~ = & ar : + to aE =A 
qe t IE 1} 1 + } i: Pes! pe fi j q 7 a) ae jeu fags eo Welk q ied (is a LBRO PAs Ficl: <i aie rene 
tara ca Z 5 te rT tf , ' ' ' ‘ ’ 5 7 ; » A ¢ } ' ; . , , yy + . 
pe 


| Can elena E ese See Oe a elt EK 
- a - ——- - — ~ - -. - sak , a by 
, 


—r4T tr = Seas ’ : : - x 
ae eeeeiseadbass , -t tte gee pee poppe eet ee Pepe Pre os 
Ho ply foe te a Bal (ae Sie pte ft SS re eth eer pe 
! 


s 
+44 fete EE 


Ty: 
' 


a pe SS 
L ee ect a a Slesd : , oe? ' 5 ee ot 
- i ftpts44 pet ett ti 
, ft | ; ; | ie | ie ' _ EE 1. ; } 3 ll : ay — | + ha ee Pee & a pe he ce 2 | 

- r ’ 7 a3 ap 1 —> T 7 i . ; i / * zm | r i +4 1 i c { ie , om ' Me ie t i i c 

3 as as a he a 7 A 4 -- oak. . 2 : - a _— a ae ae —— : : ‘ 

sa Ba i + a | j } t ! tal "mi! et Say ee ee mi. ony iL . : E ~ b-bd > (| ee it ais yma | a 

cl a 7c 1s. 1 ae a - ' t ' i . - 2 2 
" — - - r 7 a a , ; i ‘ ' 


t 


= pose #* -4 
HSS D | ole 


roee 


7 “eT 
eh ~$t el ee 








becomes comel- tel: sv: 1® -reue = Rinwer ice iNGSse lattrr ser 


ce a ol ea re te Toca eve in Cera ee ir err. cnt gael 1 


Baines cl OJ, “re ciiiain-ble amaVye.cemmais-tcr “66s notuammcar to 


eae ee re Perec ci ce sinetle leet or 


= 
ay 
i 


. ne te sf ahi F ? i% pel CG i. aah let a S 
talues for criticr] rain. 


a 


De COmmevely unsetisi¥ctory cornvensctors, 
sne following corpcensators vere incavatle cf stchilizing the 
o/s tae: 


(1) sare “irst lerivetive foadoack 


(2) “ie second deri tive ferdbeex, 





Compensator 


LO 
LO 


20 


GO 


60 


mod 1 (b=1) 


mod 1 (beh) 


APPROMIBATE Of Pes cr STABILITY 


| 


LJ 


Lo 


CN 


taABLE 7- 


a 





dhe 


0,02 

se 
oe 
ho 





Zee 


Ziel 
5 3,6 


unstable 





LS, 


£00 


V2 


. a rt SE 


ce. Goreme VIT = tte onc srrehmm ith secovi order motor functicn <-nd 
three evcess Soles in & 
jae eile os 


Creo Cron. ue svstcts invéstigeted isis intet ieee os 6 he 


blcc< ciagran Or U.ue sustes, the 19C0 syetcyg is llinstrated in 


ZISe Sicim in figure ¢-1 exe the roots ef thc uncompensated svstey. 
Beeice Wiese reers jnjiccte instability, Ue Drigiery objective of co-— 


Maeriton is LO stebilize this syste". Vouever, beceuse desicn speci — 
MyGeticns exten’ iurt er then just Jemaraling stability there are other 
Poo meets For ccspens?iticn. Inus ¢ SeCOnG@a weint Lo De coned eucd 
moperservaie toc cifect of the cowmenseters is bic Plevibi ity orev 
Pesce uscrec?. 
a, Lor levrt ser 
Gl Uses, westircte} onl? one Caer St cr =e) sir rcostc ce 


= 


Sane eote  Setictocctory: thet is, Vinive@in 106 canseity to Seeeuieece 


{te 


Cale bo the weeuirement that .. be erreter then 2 @inirume sain k 


he reot Loci of tlis corzcns.ter, tee so ¢p2led "50" ceierns: cr, eer 


shomm in figure c-?: and the veiues of k - wrien depend on tre value 
c 


exe leeromean table C=1. 


Pltccuce at isseefact that the "50" correensatcr ime tie vem acn- 


aL 


MerecstigoLed mach stebiliges regardless Of unc value Jol Al eiveio ce 
Peant te be Gaie@ied th=t tis is thegeost cifective ce= aie -car. 

hc tme is Tne trectiveness of Tis “Cer iSs tho nes Orcs eds 
Blso no vette r fee thet of tbhelicnes Cem Ge eC ee Grea a ers 
- 


ize. the fgexi_ 


its ebilaty to steti 3 


waavisracvuOry. 5 1huS, 1. Oo 20S 0 


oS ae a a ats csp PP ae 2 A eee aegis esa te ae = 
feet oF This comsns-tor ig pet tc0 mami cams. 


d 


Neyvcrtteless. becesuse 3b is enn ’icable to all coturnzacall s-staes 


Cal 


- al A an ee LCP OD ta PR SEE EA CR a me oe eee ee ee 


a ore 








= ee a RE 


ie Be “+f 4 
Bae t: thay 4 oe 


- ae 
itt ; 


a teeb GP ii+-4 


a Ty Bi 3 6 IRBed As 
me ait tte nee : 
ae pecee: aa a : 
Atsessansss siete : 
= Ag —9—s 
-ae TIgk 


ee. SSESURSES 


t t ‘ i 
; —* 
5 7 ‘ i 4 ‘ t a - 
te 1 } 
_— . 
| : b a 
is t 5 H if ‘ | 1 ry 
— . . - : , | ' 1 
, ' ’ 4 Li ' i ’ 
fz = t 4 - . +e aes verge & 
; j ro hae : ; ; ‘ a ve -; t: : 
Z - J LF - ~ .= + 
=| +34 j | =e ‘ ? rt ie eee . . 
’ a ~ ° — = a . ome - - 
rot 3 ’ i ; : 1 a5. rit Te 
. - L a 4 = ~ . 4. - rT = ~ = 
, . “i + ~~ - aa 
| } } ‘as 4 } i 
, : Jt .——— Li La - . = ong h fs -- 5 
| F | i B)s } t j 
. - -+-] - . , se - - ~<2P a 4—}- 
t k 7 a } E » , 
: : a= . =p=}= = . _ a -% - 
mf as bs f 78 Y 
= = - ik ah = = = a Se L coboles as ome Te « + te ' 
Toi mn th ¢ ‘ ; 7 y + ail : "al rae) ei Winoc ; . a5 T a, ‘4 i 
n “ r - { = : P : , 


; foe Gan 1 HEE faseapeces see! Ses st 
= 

ait 
ia Tr | 2 


nee 


Site 


Bret piiat veetiass 


= StS Sig Tea Ht 


- poe 
' iB 
2 a 


wnt - 


o> pow - = . - 
° 


or oe a 


_ nip he —— 


ei pe Ss oe 


mth oo er 


ine + Sine 10 


+o y tegead - abo - 


~-- oss & 


sistas" Bit 
See 


.- es 3 P rahe += oe fo ee <->}. ~ + | -- 7 
--- 4) «3 _ at 2. = ° a i--— +4 @- OE ot ee: ee pr itn il : 3 
: F ee iecgasent ope=e be It aS 
3 “im . pt = Mae Hewes - hie onal + pe I 


t -~ art ‘ : — Pt f= 
— a é y 1-8 Ly -*- Y Fe-rerr ye iF yet oes 
= sf a ae es = ‘fq op ate ob} =, = J< one = hee be —— em 75 


ani paiers 


‘ 








rte g by ‘ 
poet Haake th 


ak. h 
; ste tf! 
: 


n-bY 
re ee 


yt ey es 


pacing ples as 


= Dik sak 6 — 





nu Hest 
oy 
{ 


TT j 
, ae rn 
? s-h i tol 
} i ; 
. ae “| ap 
, 
++- aaa 
> t t 
+ - 
{ 
t ' 
yy ' ‘ 
1 3 


, jo 
EEE TE 
aeeaee 


pti. fit Lt oa ~—4 
SSEEE fe nas “© ~¢}++ 


Sa ee 


‘ 
- res a >t 
t« 


———— 9-5 a Da IB } 


: Seg ae ORL BRE rea Wa ae ee co : 
ise rk ee == met aren oo rT 
{| 7 { ---- 1-4 bi tte fine f 4 fi 
He slg a ge ; = ' =r 
—— +f er 4- + -}-+ sos at —t-: 2 thes ¢ VASE, ul 


- 4 ie J ee — a po 


HEE (Ea 


sy gaa a ane 
iaeaee is — awed ee 


tte: cased oer: ee eed eae 


ee a a ora ao} 
: wrote Epa mee wenn 


- hteno tesla eee - 
} 


es oe 


o-p wee -—— - -2-e 


: : . : : 
tse fee = - 3 = J ie UE). eas am : ; BOE: ‘ haat eet a 
: , : ‘ > ; r Fite aay 4 t 
sn + ——* ta 5 2s ‘i ee - - all -p+ 2 — bi te wee Fae 
_ onl il aa " . e's SS ame = = * an) ia’ Soe Ss Soo 


OUT ee rs o—t—— ; 








; ++ 

t 

Oo ta tel orl Os era 
t 


+++ = eh ,-- 


aes 


Band eneaal 


geasaaedas 


re 


pet bd 
yh Ma re 
1 


ig au wd a =p 4 ole ag Fae 
~ 4 oe tte 
tira 3 
= (tol $f 


oe 


TUTTLE ape = : Heb peted eect Vf Nie there bet Hh bring be eed 
hares ey leis ae hoe eS Sco preentareeeractsens 8 Ae ~ eee ge et be i ae Nur a pe epee Serer 
eee ee se a ee eee ee ee 


) tt a 
saat 


‘— 
ae: = : 


Lt 


ar _ 


ee 


| bed pts 
he aa! 
fits ties HHH: 
rie aoe sete (ten an er i Gah ay 9 


eS eT 
++ itt 


f ’ 

i 

oe 8 - 

. ‘ t Ee x ‘ 
poh nn ———— Sos : ny eels - ote eee 
yz mo U po* 
. =e + a oi 18 atog 
’ 
S| Sa - : = 








be 8 ek om, cota fare = 
H t 


(arse % 


fe 
: Soars fs 
Soe ee ee . 5 F = 
- = 


Beene e Weapon sii ee eae ee “maar SD 





=® 





in this groun ercc t system 19h0, it is of valuc tom@eption bricih 
wie ver@etion in ¢ and &, which is tossible using this compen- 
Sour, @Gssen Tally therc erc two methois of verving “ . Cme wy 


imwce Vorny c ille Néinteinine sa constant: thr olher iSat0 vere oa 


© 


2 


“hile holding Ke ccenstemt. The fcrner ~eloe. a bomc Be Tourer: 
meron (1 to | .as Me increases above Kor’ The Jeteer weilees? couses the 
ye 


feeecpon in § to be -orr restricte?, In tee egse of (yy sits 


fees On Tame rc Cause ivr ver-inf a. ‘BOREVCT, 10S venge cl a7ari- 


@t2on is not orl; smeallrr but elso less censisicnt then that of Re. 
Gate wticre flevibility with resrect tc variation in GQ), is desirable 
3 


mis compensatcr is definitele nc* too favorable, 


GO. rertieily satisfa tory compensators. 


- 
RY 


E the commensetors investigeted ere only” pamcially Ss 016- 


Mme comers): Comccnsator of the takic Srstcr, sine réssean for eyo 


ek 


Meee wenese Comiensators os such is tye folW, 4irst, the commen-— 
meee Ors “Ol ™rovide starilizeticn for ell velues of e. and second, 
Seemco-ormsator onit induces statil’ teagqen these cii tude of bei 
Mautin 4 saeil finite rene, "ither one cryMoetn cf these reasens a 


Ags 


meeeresO CfCh GL tne commecnsetors discuss#d briefly bc! Gir 


(1) Ise netwerk. 


: = -+- } i a! os _ 5 i 4.5 ay] , + -l ° we, 
lependins on the rstio of te trae marmitude of the cormmen- 


1" 


Beer's pole, the roct loci cf figures &~3 and €-~h show thet the Lag 


= 


meeer's COs =ensator cs tn7 degrees of .eiiqcviveness = fair or pocr. 


Peres Ss retia is ccnsidcr: Me larger tian Uae stringent leq — 


tations on s and fie are necussery in order Vo insure susliliive | ieee 


Y- - as 


Piittaticns, cotplel wits the fect thet roovus huving S Sueine 
Cesirenle O.1 to 0.7 renee become unebteinsble, rewuce d-pstically 


ak. } 


SMemiectiveness of tis con as uor,. Cn the duper iand. betrver 


er 


ee et 





hee ew em es 


oo 


Picci tte 
Sm My te) ech 


--0n8 Se = 


twee 


. got ce ga e~ eee 





: 1 . 
Spa aa Bets weiner ae 
‘ z 


= ‘ ty 
2 oe) a4 aj l - = 
° ' 
, ' 
1 ‘ 
{ U ~ rea t 
a tk alin : hab = g - S| ton 
3 ae 5 T 
nd + ee : | ee 
‘ : ' : : 
‘ ‘ ' . %: . 
7 = ‘ teeagit -4 7 f ir Pala 
fr 
~ C -- . ee Han iat » ee 
bd bs . 


pert fritter pret et 


ab edit viecec ae Ti cba Ge” Wiles Neel (nee ees 
2 ee Lee Eee 
i crore nae fiz 

: - 464 te rye * 


yy , tf Pio an achat ae 
. - +7 -y . 5 ‘ ar | a tom ¢ . ‘ t ¢ u 
a . t 4 i : ‘ N aoe ap ne a res ¥ Z ae BL —y me 
eile aac Am hl EL A ae al oe el ee tee an) Poa. FT lpm bk dase : ' SURE C (Pe T ae Tr 
: t aaa ian : a ma tetra rofsce t a ite a 
ol 


j 
: : “T th ; | , * ' t 
as ’ s 7 : 
’ 4 
= Rie a we 
, 4 
. | Poel 


‘aa aie me go foo on am | re da LI PTs cote Tt Tteeeeet et tie tt 
ecre ators ee rota a ; 1 ae a ma mater 


= : CD ye 
a Sela Ee ee ee ed es 


ome 


Si sins 
——. A— ow - ~+- oi & + - . be * . - 
‘ ] ‘ 
Cl ie i i § eee oe ar ates * pe ah 
a ~~ aH —> = owe 8. } { 2 Jer — sai ra 
; ‘ 5 ‘ a 1 « t 1 
bef-postey aia Rs F ; oh Pe GAS sg “ : 3 : $e ~ Bo, S 
Aaa nee ; : ’ 
; zy ‘ 
; : Jae — . a : =! 





| sia 
: . . ~~ 
nha 1 lie a i 
. ' as 
- fo “ = - 
=e eee fete awit att e 
‘ : 4 t 2 
++ ee 
i i z ot ai Ss 
> + ee 
1 4 i. 4 . 
aaees 4 ' 5 
roa) 
7 . « . 
4 . 
‘ fH = ms 





- 








ce ew Sire einer on 





| cal or oe ae Ae eee Ute | ¥ s ‘ ’ s ry ‘ rite 


ior 


tae Peo of St 
a ir) 7 Y 


Bs fel i Oo ot 4 


e-d-e a a 
4 ’ { 
- ery = je ¢- 2 
, ’ ; 
} 
4 


Rane. fe aa A & 
co uJoe ~| 


Ke 
-~= oe t 


yg ae eee ge | 


t 


-+ 
=! 4-) 444. 


igual gs 
AN = 
Se 


me 


ie 


wh ty Pr 
a4 
tap 


a 

' ; : } : ‘ : : é , = Y ‘ ms y + - + - _ ee a. —_—-. 
tor tet eee eee “+ j- - | ae _) AS ; oe 2 ie —. s 5 
AERC ~ BLE : ae. ae us — | ae : , a = gi RI ol, ers | \. EE ES eis 


- aan Fors : 
a -¢e @---ee . 


a Cee 


ead 


a : \ } 
mit 
* trict ; 
4 {— = 


oe 

- eral ee pean oe : F ¥ ; re 5 og : ‘ : 5 ; F, i z 

e = 1 Bi = SY) eee a gf \t:S* a |. mel Y--ae G tle ee ~am-{ med A+-t- feel b +4 rt fi te 

: conemn ab Dera eet 7 - id : atte ’ 3 f i 2 
rot yr is B= Pe Te te i % i 7,8) Be 5 ; 


vrs 
ab tits. 


' L to) 4.) det 2 


r ¢ © Ths: ' a 5 
+} Hee oe pieces) (OES ek Peat 
fia bn fm tee ES 44 ~ se oe 
: ! 4) . I 
pe Spee bee 
ee es Sa es Les Pal | 
4-} 
i 


salen Ree 8 bi 


pote) aire aS 
ye 
ga Bee0s oo cay 
. fe tee 


Tt rtiy te 


dt ee ies i 


° ~-- . 
Pelee —tn —g— © | 
5 


ar al sete sree t 
Panel TAR 2a ee ee eee be ie 


ee ee rey 


he he at ok 





on: me pot « el ee 
ah saat — seene § mete bw fey -~ 
= . ya — _ . Ss = 


eo7e 





eo tee se Brricd 


pS npeg efit 


t 


one —p 
st 
Le 
: : 


oe 
of ea 
fa Re 

= ei++- 
q ok 3 


; 
~ fal gb -f- a eae fe ae eo hee oe 
, me pe ee er perme oe ar 
— - ° =| creF + Spats bs 
= . Tae eet he Meee s ae es 
‘4.—-~ +e -_— Sl A ae he 


4 Lreatat 5 


ti t-f- | 


ab p 


i ot ae oS 
-_— aa a or 


a 








gp Kod pega ae 
THY rhea g Memes (eG 7 em 


| Ege wees wise be oe 
ee | 1 
L: ei 4 ee es 
c ro esr eso ov - ae 6 
ett ttt 
ELEMIS) fj ae 


-& --4-4 4 4 § 2-4-2 bw - 
ia biviellB - eee - 











44 -, reat 
$-- 


{= 


ek (Bs 
a es 


44am] tb me fe itbe et 


~ Be - ome 


ey 


sedeg lata 


i 


o~9 


eee ee we 
f 
7 ‘ 


te \- . + . ‘ * . 
hh i 
SO ee 


we ey 


~ fadmepmge 


| 


j owe a4 
1 
: > ta 
a ja A 


+ - 


' 


"4 
‘ . 
‘ 5 
is 
. ‘ 
ons 
{ 





Gee. Cre gobic is Pet @uch Greetir veer uit. ilo ck as 
oor Te Si ale rity peieen thas com--nee cor end 
HeO!t commensator, The evcileble verictien in ©& is siviler end 
that in G), is slightly better: but the commensctoer's ever all 
glexibliity is still less duc to the sdditionel lirsitations on Ke 
peo a arising Irem tne neel to vrintrin stebility, these uprer end 
feeor limits on Ke are listed in table C-12, 

(2) lead net-ror':. 


The effectivencss of the lead network in compensating the 


™ oii System is cuite similer te that of the lag netrork: however, here 


a 


Peco lex rocts povine sia'' valucs of GJ, are available, Th 
mee comercadile he verified bv referring te Figures 8-? or G-h, «hich 
Smee uwmeroct icci ct bot cemmrnertbed evsurns <‘otted tomwelhrr, Thesd 
Mmtemrope the “2ct thet 2 recics?. transition between t!e« rect icci 
meee me Se ci the Lead and lam netgorxs Joes ot crist. %s5 a matter 
meeeecy b Geiser™ tc supplement exch ciuler, ence, evecest wnen a 1S 
Semel to C, the lesd netwerk can be ecnsilered to represent the lag 


No Deeererarks made 


Lee 


Meee with a lanited to only sirell values 


Be@eeiee LO thie letuge olso aml to the Torrcer, 


« = = Bae th as | oc-rad = 2 a Ves 
Ti 2 igeeeugl tc © the. comornseat<] Se 2acen nol be sea 
* ° « , re pe = nA A A r, a <yteLs Ae - aS - 
meee sine 6115 compensstcr. “ovever, or a nob eGain! to 9, stlabi= 
= “I 4 _. “ - ape Wa r + ry & ¢~ Lee | a 
Pimegcen be induccd in Wy syster provided k, is greater tfen the 
oer, Kk , imese wines cof kK , aeeich deBealh on 2 are listed in 
Pd 2 fay — 
ct or 
5 a) oe 
bat Lle aE 
fa) "30" Gaaeens:- tor eats aot come? to ©, , 
Me fc etisrcnacs= of bs colrnsctcr QP were Sie ler vo ties 
See lee neteore: i ocever, toere is one sirng®ic: nt dif eerence hj ch 
@ ay 





67 


maseS this cae c: o Somewhat Were effective. Basiceliy this iif- 
Tereyjcmeis te f:ct treat toe compley r.ct loci are oriente@ein such 


aeeeasnion beet thd imacipsary ayis bhecaves tree esijictie for a suf- 


A 


erewen yolaqre.. ious, «Ss eyeccm i thor rocts lcci oF [ree doa 
meer lay, or tlhe velvue of Ka cnivesexists migen this laaeeevalue of 
aes emcee oer, fs a reshit the 1 miting veine ct a (thet yhich caus-s 
conplete instalilitv if eyceeded) salons with tet of Ke are much Terger 
Peem bose crservwed for the lar netror’, snd the cifectiveness of ts 


e 


Seerenoelor 1S iv7revecl, Newertreless, 2 lourr limitame value ci 
Pilbeevrs cxists for this compensrtor zn1 is listed in tatle @.1, 

AS One sichtvexndctet row thewsin- i ler of “tis =n7 ae 
net ork cortens: tors, the methods of ol taining particulsr velues of 
pi oS «are also the seme. Consequently, one is referred back to 
fete ciscussion for thd 1-s network fcr further inform-tion on tae 
feaericn cf theme narny ters. 

(i) hO" co mensator with a not ecual te ¢, 

Mme use of sacenld derivative fordimgc combine dm@gitn nro 
Portacne. tredteck (te "1,0" com cnsatcr “ath & not ecval to © \toree 
Taree G come n-c2t-.on merch is sorel-st mere eflective than thet ofetec 
i o Coamencetcr. Ir contrast te the latter, tee rort Voci ch 176 mee 


Ath} ’ 


a4 ieee boot try © 31S larsce tre pia commencatcr is el tavs strbh he 


Cc 


ger ik, freaver than oe (velues of Kop ere "asied sin Cablliewc— aa 
Meene is sratt inst hj ity occurs. us it is ressible te draw 

an analosy teturen tress tae commensetcre., the "0" cornensator for 
a srall gives neeriv the same poor effect nected cr Uae "eC" ccnmen— 
eeucr with a lerre it the sere tine the "hO" concensetor tith 2. 


WWamee wrovies 2 yeticr stakiliging CagegiI?ly ano trere cre, beter 


Plevititity than the "20" commensator hen its 4 is srell, In 


CaLT 





r +47 ea if 
Anas 


ee 


a + 


ae pie af att 
bale dt 
oes P| 4 a8 


f 


fi 
FEE 

a 
Ba 
fps 


t 1 
~TryT 5 


Doo I 
e , = J Y = - ¢ 
a t ! i im 5 i . , iH 
a aes ) i 7 mes i: ¢ Cig as 
eae EF ; as sw ry —_ Sia 3c i 
a i + ort r s 
: a 7, saEanK 3D™ <E 
~- 1 al, - —— ah ie Ex ale i + asl, 
oS a a ali i t= tip t fa -+f } 
i a. —_ q i a ae! aR 
‘ : er e's _ Lh iH Li 1 “F ag 
" , sn in 1 t ‘ "a 1 
t a om {J 7 


FURIE (FF 
a 
ie 


7 r 
"IF 
r 22 LAE 


[uh 

abe 
zt 
ia 


es 


peua ares 
enue 
ant HESS 


gee 


Co) ae eee 

+5 rir biti. GS 
ceeeers fewer | : 

erp Gm fing 
Ey 


¢ bo ‘ =" a) -- = @ . 
1722 ee i Biever ieee a oD Say i ; Cis si —— ' 1 
Ty 15 t ‘a Tr ’ ake . an = vy e: ’ ‘ ’ e + ° - oo 4 ost . : p2 = =i. 4-8 = = SG 2 
| 4 ’ in t 3 af > 4 - peat Eee) eRe Eo} eu = —‘= 9 -—-—9 r a dt ° . » = bang id pel Sa ba 
ve ae 3 — B Dien a . . t 1 ernst ~ R H ; 


Hk ° bs : ‘ i. bak : ae lee. z 7s ' ° ~ 
Y . Cian 2 t Ny is, Ih : : 2M 4 te ee a 


' 
hi fs 


EHC ELE 


= —- — ¢ ——--4-= 


2 - : oe oS it .3 we ; i. i * Pe a a . ae J Be ee aa meh ims ie paws Sees se wee fie]! 
catul . J ' i t l-a ? 7 | *, 3 n ths ’ F ris 3 t cas rm : i 7 ie aie wm Pan iz i ¥ poe Toe 4 : 

{ - . As -— - - wt. + - rs § - ~f —-4+ {t+ + re oat eo dts a ames — 
‘i ~ 


° : 
' 
ctor! 4 

** 


= ce Used Bn ag aan aaa 
= aha ee =~ +--+ 
= aes, * _ ak eo . th BK 
~~ = —— 
—— Le , ~ ‘ ee : 








Sipe 


ren: = bi 
et = fey 


erp crit t Pertt pat ts aeeaan 
Me AST eH at ee 
pt - ss 


ee at ane ue es ae 
£ a H (fae + ; 1 


sir r - - 
: Sos ot ol on a a jaane EMSS eee aE penal 
: : t+ i Patize ; al ? eh sal § ime 


aaay teevey 


, 
- ™ 8 { ‘3 , 
ee ee same ee. 
a . ‘ , 
eae ee ae: i 


a MO aN ed CS ae Set ae | 


bates joo TG wa ore Pee + : — aa a ge! es oi ar 
- om bem wo - om — Sat. ee a —_ " : Le 
a Saiese tage ae erin ~—4 +--+ ‘-* oe ae | a + | Y 


‘ -_f ate" 


q F 





a ea ee et bape « 4-45-14 58 ; 


e ; - ‘ - 
a] ad afar -—§- “ ~ - . ao - ’ —+»-+ eee ae 


: 
‘ \ 
. en 7 tendode ema 6 at 
i | 
7 ¢ - ' 
=) 1 ‘e — 
‘ 
’ ~ seh 2 
te nn ates ew hy tonnes 


fot, T tcl cae - 
ep ter ee ——A 


La B 4 ia c 

- ; > — -- & ~+ - af — ae ——e=—>- -e~ 

oo si aul : its at ewsied 
mn e Sea eee Ta a ieee at | al ‘ ae BR SE gs ft 
H arn a i 2 ee eG ia) Fe tat aes ' 
: ped 
—j- +8 , aamse B= b— ~ an =< intend PS en oar -" TEE]: Cae Oocel (aren im aed SLs 

a = -—— ; = = Suave A 

go Ganyd pnaod uence peerage CP ee ee 

4 } ‘ f im . ° ’ 4 » if t t ' t } 

toh cteaneil ied =e = f : E : . ° . SSSA eae 


— 


grt ete (eta 
’ ; i . , 


‘ t 
app 
Tagan 





G—1 





sie F in 


ta ef -b Ly - 


--yve-e f- -+ 
vine : 


. i 
SS et 
* ‘ ° 


oo 
—s Bae et Gs | 
- | ~t+f-r - -4- 
r : 
a coe eh Oo a 
{ 5 


nr ae 
tT 


-- ——~m—~ J. 
$ 


Atcha 


1 om 


Dy el ee err in tte. (ier _ 
dam-t-t pe = ee ere i eye ery eee rite tte ¢ pit rip tp somal its) to et 


wee Z = —_— ee ‘ we memati a en ee te ara 
’ ' 

—— ' ’ 

a - a ee 


: ° 
oad hea a 
- + 


pee.» 


ec. 
+ -> pl. 
N 


eo pae 
t 
; ens 





1 : 
‘ 

oof y+ te 
2 oe 


tee - we -- 





ewe $2 w/e -- 





a Eee s acs = at 
Li’ = pela: eas -) 


ite Hae sriiten Hei reat tf 


ae 


sees | 


= ed Write = : | 
. [ seusee 
a! a susgt eat i} ase 
: : a i cn as haa Tew 
Sawer ti 44-4 is les oir Seria 





rae = 


: § ia ‘ : ’ ahs + See Y, 

str rai Ls iarg maw i: IPRS oT cy pee : ie it 4 es Le a Ea 

es i pee Oa ee ee Bie ot mae a OA eee yp ee i ak gE) Sore H —a% : ae rae 
2 Sy Ae we et é ~—.* A an — att 
ve £ om hae ee 1 et ae. oan aeteees H — Se ; ao an anien at ae ites aaa eee oo an il Ol ok een 

a tit. af achamead 4-4 ; eres ae =l SE : : . 4 2 are ee 1-4 aah i 
sat tite fo a ats nak ee SE sO a eer spe 3 4 7 ae UE ig ish BS) a rare fed Ral Ue wes ea . 4 4-4 eS 1 1 —~ i ts ~- BB 
te Eadowe 1 a ra fae E 


if 


-: 48 - 94» — peel 
. : acess yl 


’ 
¢ 


1 cm . = ! 
¥ 
1 , : sl! 
= 4 \ ; : ‘ | \ 
‘ leet a4 ‘ a 
' ' ‘ } } 
a ee a eel el , 
; f : : 
° | a ' ~- - - 
og ona t} 
L 4 » ‘. 
1 ‘ ' 
p. t 


aa ae Cie i 


—_—— 





toe =f pote 











napticuwr. for Mle -'t-r situ-tier, © and Wp wav bd veries 


4 SES on siti tar % that ef the other f-cre cfiective comnensetors: 


hemever, a wider verietion in GJ, is aveildble Jue to the Tact that 


fn 


Le 
“ 
c+ 


the u@eer Tapa ¢ ene: lors “ob ex 
(5) "60" com ensetor, 
ieceot for the fect that the reot loci ere more complicated, 
the effectivencss of the "60" comnensator is very similer to thet of 
teem n: lead networks combined, This is rezarly sapcar-niein 
comoaring the root loci of firures €-32, @-l and €-7, However, one 


ert can. 31 herence Ices evist 9nd P16 15 Ge sc. Cisateere de 


Cen tease 16 Only valid for srnall veives el Sf In aepee Coca sc! 


' t. 


system 19FC, instability occurs ror ve lues of a greeter then 2 and 


Heo ty Cl.” Recause of the close Simileriay gn. estas 


Camecity wend “exihiljty rrovide! by the "G0" com-en ator to tet of 


Pieeeann leeienetworks, ere is refeeeed back te tee diccycsicimer 


Beeaer ef vee latter for further infor ticnmeaiul racards torre 
former comrensetcr's effects. 
nD. Comnletely unsatisfactory compensators, 
Tyo cf tiie comnensstors investicate3 are considered to be 


comp leumly unsatiefactorv. his is we to the f-et that theveare 


Peete to ste atige the syelem Ter ongeegin, '. ipese thotecy— 


z i 
Hcnsaecors are: 

Beer. eri stive Ter eel: 

(2?) second derivative feedbec’, 
fee rock tect showirp- the cf*ect cof Tere commense tors on Ue mesic 


° . '®) @ 4 fa pO erie 
sxratet ore chom ‘“n fgeure €-5 ent £9 reerectively. 


Torme S48then. shic’ ie desiverle is ercer te s7tend these yroct 





eye wees Wee 
eS ee eee 
, | oe tks 


} < 
oy + = ~ ee 


eo banewd Pewee me 
MTS Ores aa i 
ath ep tt tH 
apateaen |) 1 


S2aes bossa peeesesssd 


puyag eats puau esses: asst ace E : sveyys sip x te aps \ ates — = i at 
SE pee INS NR 


erst 


ee —— 
ee SES Ey 
. 


4 pe 


; A —, = { es + b-¢ — +—$--o— - - Q} -=+~-1- —. 
ow} ent ——_ oe -4 — 4 . - 
4. c 5 iar ° ’ : 


Stress 


Le ECLL EEL Ged get am 
ees feet ese ated Re ea ee eed 


=—t Sb wt sar al (aes eg oF 
4 : nd i ae eS a aie pee 
7 ar am ie Vs 1 i } J 
AS came Nae me tr direrhresae. cT4F 2 ae Was cm eee 3 
: ras) COL 2 HK 
are) . ° war Cars ’ ar ok ia +e oe +e 88 of re : 
+ - - *- ¢ 
= ¢ 2 : 
ae oy 2 
4 ' + ° lai m9 le - rt e 
- == : ae emia, Den ah ol dl Siemt tatine f a : ‘aemas 
: ¢ F pd ' ee — - - - 
, . - , . 1 a H on . - = a) 
: ‘ : ; : : ¢ ; ae > L2 . - as 
nT, BP a \1- : . ar i hoe - vori tres rte+ttrtts7y, ? at lB rae arm | iw: 
- ‘ . = ° d-e 4- ~ 4 » - = oh ete geen oo ee te 
; Ojai | iS 7% | ee E OUD) cag ae) DRE ST a EO od es et Bie -! et Lo 0) Ca , éutoueere 7 = AR ot 
_— = F } ae i Sa ry } , . Ty 7 , ae BSc 4 : ye: — a - ; i : 1 
. 7 ; : P a aap cae 8 1 o ; ¥ 2 f~Y t 1 y 3 7 c ‘wal tees ry Paes 
: l ! aes : it UAL ES ape es Ue Sel S : : aS met fede pate f ra fd y+ i- i 
= = ~ i oe ‘. a hat ” ce passe agi (85 7 : = 
rice a ‘ ee = fee =} = ———- . —_ - = tw Sete ae = Ps | Lex = 
aoa poke poswa Ghega: bola basal coawd Caden ces! Beccewedes:  _p) (eee (tee peed peor 
’ ‘ * - - = —* = « > = anil bab = S = aS co , - 
“ety F-- 7 ; sy ? ° aan ri (8 $ mat) : tf im! ' +t + ; $ ae 
1 1 re 4 : . ' a ~; . : & 5 
A EAR GaOET: SHE ay : wie = oe, ; : = z ; : 
e rt sd fing ie iw ae tare 5 H , i SS . te . ‘ == : -“t 





iat “aE 
rae 


mote ty tel t+ 
ae 





-— oe = - 





See 


_- = ye- Se — 
eo 





1 a 


pad 


bagel 


pre a 


Egle ome BRED edie Oe sm wl 





a ptf ager te 


fe eS ae | t+ 


1h 


Thr 
rat 
mau 


j-+4- 
+4 
pi 
ee 
4 
{ 


a eas 


" 
se 
1 
i. 4 
a 
| 


7 


eeeeaumadhana bien Uanamaen teem aioe ee ak Seana enaet deadaeinenend 


a, ° 
° ~~ 4 . { 
ge a a SS nu eee ee 


. aa 
-¢ . -— --. =. = - 
] 
‘ 
- anwee Be . =. f 
= - ~ on . oy 
‘ ° 
~& J-e- . we 4-- i] ~~ -o- = © 
. , 
=. - = * * 
- ‘ 
1 7 
- . | - = 
. : A . 








£ i | ale 2 u Se | a ' 
oci to other nevriv siriler systems has not been investigated to 


an semeet <auent fcr thys eronr. | 


P.19 








ComnmensAauor 





LO 


20 


20 


a 


Fim 


‘ 
rod 


O~N WwW 


AEG 


QO 


a 


eee) 
B21 

DENA alte, 
1. Ged 
0,709 
ea 


bee 


commlctely unsteble 


Eerie 


1.905 
1.9) 
1,8 


eet 
ue All 
Lois 


2.101 


C20 


9,100 


1, 380 


20.000 


7 .5Eh 
6.320 
spas 
h. 3&9 
CnOe 








, ere lomeCer"utcr Jaecks, 


ag | CYS | 


f. fone = ; i ~ 
met or cormntcr cheels *reremmemc on some of the systems us ne both 


fae OF fee cewecnsators ("10" andetco") or first eaaesecond ier — 


wetive olus proportionzl tame cowensetors ("20 and "),0'), Tris 
“es done on the follov-inre svstems: O100, 1000, 1100, 1P0O and 19, 
Beeo Cue clien cover the frou s as. follows: 
Groun ee LOS 
Grown TV: Lane 
Peer. Ve TIO 
Group VI: 1600 
Preup vile L9OO 
Pees Omnis the servo outout duc to 6 Ste intut arr civen 
mn avenge), It tiaas found that these temds confirmed com@letely 
tee roc. loci. 
T. Creup I (0109) - Picures 0-h,5,64. 
bes Svs cr "<5 unstetle for the uncotteensate) sister, Cnily 


; f ST Qa 
Bec ehn = (eee ~ tae tree Conmmensetor vere Se or c= te S+b ; 


Drees oroved to te <n cffective convensetor th the folloming wencra| 


Caar-cteristics: 


(1) “hen uscA as a leed neiwork, the commensetor ves mich 


5 


Mere ri retictc, ‘die seectemcoul: be mele stable “ith 4 lae wet ane 


Meee 2 OINts emer, Ieree saloes: of Ke nouldahbeyesteebe used, 


(2) Increasing the vetues cf b heed to stabilige the 


—= 


(3) Increasing Ka i@oroved the sterility, buuce iso de= 


re cae Liewgemtn Oo: the S®S.uen. 


©, croue Iv GiCCO) . “Giinpo D=7ey 9, 164 


This system@--as initicllvy stale to berein "1th: wherefore, cniv 
= conborison Tcr ivnrovel sie. | beeen oc commentc cd pei Ge in qernercl, 


he 


on 





=", Bille 








Poem er @ ar cher cLer ima hace re netdd: 


(QV) "he nd jerivtive factbeck comynect-r mci the seste> 
WS tale le , 

(°) Te syste cont be majie st: ble or unstelde ith ts 
peeve vive us provgrtion™ 1] feedbeck: hevewer, the orelerticnel factor, 
®, seeme” to be the doningting in? uence. In general, it annrarcd to 
Peer unSsalisiactory conaensator. 

(>) “The lec dbeiuork tres by far the most efiective commen= 
mavor used, =ni the rrestcr the ratie of zero te vole, the better the 
res cense, 

), Groun V (1200) ~ Tiewres D-11, 12, 13, lh, 1. 
TALS svseee "74s aniti: liv unstable, The gerners! chsract@pistics 
oF the comrensstel svsten ere: 
4 


(1) The 2rd ecrivetive fee Thee’ comiensstor “s cormictcly 


(27) Sterility covld be atten with the lst deriv-tive 
elus provorbions) ferdb-c’ cerpensrtcr, but, agein the velue of a, 
fee oroccrtionnl comeonrnt. -xs the domimetine intluence, In- 
creasing Ko lsolimenovea the comaensator. 


(2) TRa’ las nctecork w S again the better copmensater, 


One lereger the vwrilue of 2 eni the sveller the value cf b in 


. 


Sto ra . 
Ge= € eta cCre cfifective tre commensetor , 
Pmecrcin Vl (eaqy =~ “igures D-1f, 17, 1c, ae. 
VOLS Syste. > initiel ly unstable naseeneral chemger: ues 


ference COoNOrns” tea Mote ™ cere: 


CL) Tree endarrivetive frelbrer ee ans] se. ss 7 es 


. , ’ a ie ay 
Mies rie in toe renge of vr eS creer. 


ws 


~ 


(2) The Irt lerivertive o7us pronortionel feedback wes en 


ry 
Cv esy 


¢ 








Ci Sective Comiareatcor, —toayet the -rewarticn J ccompont nt srived tc 
hago ai ocrtent «ffoct, Tyoecncawn @ awe vc. oT ee tended to iorreve 
aie sie ile Ur, 

(2) The l@pi-l:r tyme comrensetor Mes en cfifective cor- 


meer oy, SP athe r She y: InePof a ent the Lemer the Wale of b, 


‘¢ 


pee er MR cctlive it becca, (Cr in@ create r tae zero-nele retic, 


mee obi Ae Ccobeenseto, Ircnmeasyee theoeralie oof i. bendesi to 


© 


44 ee 
Beaye ber sete , 


Se aUroume Gi (10CC) sotirvres: Pa? Op Die 2?, OP. 


dls ~ ‘ 
ov Sis as 


02 


as mii tame ov unstmlele, The seen re] ch-recteristics 
On UM Compens: t¢5 svubcin ucre : 
(l= Mie 2nd derivative feedhacie commensetcr @as unsatis- 
meacbory. 
(Qa) The Ist omler jus sercemerticnmie foagcimaei: wes eameadiectiye 


~ 


dame “Soden, ewever. soe .eanomt of srcBorhbiene “1 eeehee2 Bas necdeo 


7 


7 otewe fee the svetcan Increaaimge tae “aad tee of ve ji- croved the 
Pee tite in so ' ocasAooc' C63. 
(>) wb cad—lac COMMBQge tor coutMmiMre = ior stoner 


mle,  aheecoqgrral, it -ag motwms -ffectlive as the vist Migtaa ies 


7 


Mae Sane ticn-| tre, Increasing the zero= cle ratio > ~rovec Tie 


, ° . ° 7 4 # ~ r ‘ cw es ~ rw 
Me testis, Fut teen vould wae@ the system uncial. iid 


Bier Wer watyece’ thr ole, Vivauer: selective wee t+ cor °eamiiien, 


a Brey OHter , 


je: 
GG 
Cem 
- 
5 
fe 
an) 
ity 
fie 
fer 
be 
toa} 
N77 
{ 
= 
9 
iv 
a 
4 
7 
= 
mae, 


@ Glee iiNiee cf tie serve syste 


3 


mr be COMM 


sc 


aie nel Ga ntiteaed uced in the cet ul Gage omg. Ss 
(Mier setud i Civen de fieure 0-2 for the 1000 s7st) s ~ith the coy- 
UNewie et ee: Care 9-2. On yeoligbt seni aertocns “ere neened 


Pee oh SOUlgR Srsteys cuce’ oe . 








Un oO Cimcon s . 
|, Sv Gmeense Lcrs whie ere chove cr beloy averare. 

ft res ncot tean tie intent of teis thesis to escertein weich of 
tie comrensstors investigated is the Gest or the worst es much as it 
has been to comment unon the effect on the individual systeris,. Howe 
ever, it 1S posrible frem the nrevious discussion to pick the compen- 
Sators that usually vrovide comrensetion which is more cr less fa- 
vorerle than ell the cthers. In particular these compensetors are: 

(1) Leg network - most favorstle 
(<) "hO" comnensetor - least favorable. 

In west of the systems investigated the lag netyrork nrevided 
setisfactory stctilization end excellent flexibility. Uovever, in 
some syitems, such as the C110, 0120, 1510 and 1820, the effectiveness 
feeams com-onsotor, "hi leestil] rood sms limited te sone extent in 
the size a may essure tithout instarilit, occurring. At the seme 
time, in nene of the cases investigated di: this compensetcr ceuse 
Pewee for~ell velues of Ke end Qe thus, use of this commen- 
Beer 1neeeLOr att voltsee fecdback mmplicaticns is akxost certain 
te provide some fevoratlc comrenssticn if a enc k, are approrriately 
selected, 

Qn the ether hand, fcr rost of the svstems inva@ptisatey the "07 
Compcnsator wes vrevalent es the most unfever:ble one. @Qnivy in system 


pl 


TOhC (figure €-45) gid seaetisfectcry comrensaticn occur ‘er ¢ roaderate 


moeeatude ci s. cr aki other systers; instal ality resurtad fcr, 


Peeemt largeiwaines of es... Fomwever, it 16 conceivall@ toot seats ii- 


ation coulda be induces if aces Wide lerge cnouga to predemestc. 


Poeesucn case in wrich this resuits is she@wm in figure 7-7 tor sycter 


LECC, 


1C-1 








B. torre ( 12 ion. 

SwrenLicje: -revipaede in Fiscussinm the’ 2nBivital comntnes tard, 
memes Dy wma tae globr) rcot loci “ae be fittel] tegen pomeeecr ccn- 
Peo ope iw Loe Sewe preout 1S nNeCeeocr im cr (Yr vie (21) saver tees 
may te teken of these curves, sActualiv only a limite: exount ol inves- 
ieeetion Nes becn cmiucted with regérdis tc methoas of nermiel 2 zeticn, 
foeeervictlar, ont: twe prou-s, V end VI, included more than cne svsten, 
which is mecescer, in order thet en estinete of the @ifect of chanring 
sore functicn mev be made, 

feveroyoless, sone “deeree of nermalizetion Ve Goseieee, of “atich 
Seost Sienit icant is ter rrovuring cl tite sycUes, Ws explcindd nre- 
viously, the root *oci of the sv7stems con be erowsed in cccerdance ith 


J 


3 
ie cam nerber of exerss ocles in the G, functrenvend tr cers-nem lor 
use tro and the oredom inating section of the ccmple~ rect 1oci 711] be 
Mgarivy of the sme shape denending cn the commensatcr, Trus. assuming 
Teeeetne ini ’uence of the second: r® secticns of Gir comsles end real 
moey 1OCL 15 riot too sisnificent, any other svsvtciM@ay be Sing 
Memes li Zed DY pl&#cings it in the correct sroum Jyen™it would be yvelid 
to essume thet the oredominating seeticn of its roct loci cu! also 
Sorresoond saith thet of its sroup, 

AConver som of reel 'cci Curves of Ghe Sa crou. sous teat di] 
deed, corresnendence “ces cecur for & in tre desired range cf 0.) to 
Of alae Ov iwotre |" ond Coe sfall cr ®oderavc in wrgni tude, tut there 
are (ifferences, erentine or the situetion there is censiderebic 
Miereence of toe roct 2oci for sel’  G.. “lise nen ao is Tere 


ry L 


Pee al aceny tf ference is: cberrved. Te @ Ser u Ertent Leet ec. on 


on s 


5 Laer a pe ae =) i : : ~ 6 S A 
cor -esoonsence “sen *) 45 ems17 is que to th difterenee in toe-ticn 


— 


Q 


Beene uncer meetc:] svstem's roots. anemefore. 16 %a nov sutficiene 


1LQ-2 





to assume that becnuse - system falls into a Mel Clmaeneur 1b °ocan 


a: 


re exmécted t: react secor*ingly: the Jesiener ust else teke into 
,ccount tie dilfercnace in loentien of Lice unco™rnseted svsbri's 
Meues sna rentlize thet error ovists en Gara is Vere Ge 

For est of the desionated croum@e, tha actor function is seccnd 


~9 


Sor eyeewone ito 2 hole loeatedvet —l em tie @mal Eas 


26 
| 
G 
ce 
pe 
a. 
1 
ap 


Cosiccivable thet @ ciriber svsten hevine a differently Veected motor 
function vole may ulse reouire investigetion. Therefore, some norma- 
lization wito respect to the motor functicn is desirstlec. Unfortunztely 
ue investigation has not been carried far enough to rermit any general. 
Cenc! Usiens vo ve incde in this connection. 
Vevertheless, even if the motor function of the actual syster is 


aporovimately thr same as that of cone of the investigeted systems, in 


‘ 


Meeorcbebi lity the wsins cf th« transfer funcuicns would be ame 


Thus, normeligetion "ith resyrect to gein is ver importent. Unfortu- 


Ce oe, J 


ieee Ss Nera layction is AiPMiculs Lomecc i aie. It it iseessuned 


=} 


tet lo 4s the overall? ccin associated -met the Lurction Cais ky is 


that for Gy, rnd Ke 44 the Wein for Cos teen a corresvonlineg vetue of 


is ti ate 


ca Meee NObtuined meing the tye concitione: 


(eee = 100 


Pat 


(2 k ! 4 ' pas 74] 
\ ) M1, C J \ C 


where k_ is the rein ectually given or the root loci plots. Therefore: 


fe SO 1 ee (iQ aaag) 


if 


end ian eee 
kk 





res 


foes, @e@samine thot tye function eroins ore tre onl» difference between 
Wo svcier so lemome sere! ->* be chorr Lee oue@m@tica!l icr<micn Tt arrcor 


feel picts-=re “nom - t rh Mir actuel comiensetor fran, Kate tech 15 


ees 





el a 


Tectia CO CUMS): rcopeeamilier to tose of theeiveotnatic=| syvstan 


‘ 3 et % rm Bk Fad = as , : oP r + i J by Fer 7, 
Cote compen ter reiny ko, is tive Pr ee tion (Loaieicrerer 


Pee oc br areess ry to che * Pomc ti: ) eR ec ue 


ee 


° 
‘Siegen eg | 7 


G. K.. versus k . 

Vv C 

Included on ¢1! the plotted reot loci are centour curves showing 
tie Locus of domineting roots hivine constant Ky and also Kae These 
contours vere Dlotted for the nur os of len:ling some perspective to 
Tae root loci plots ith reeerds to the ¢eins and velocity leg errors 
me PGLeanecten, 
1 C@mpariscen oF 217 the roct lcci, vlots reyeecis that in 21” crses 


t 


INCreases., Pewee tess 


fremierec a Syoue cdeécreeses of rcin, k_. 
+ c 


ron Ber these Tyo Sets of contours parallel ese. ot erst sion 


ate 


ib 


io Teena CNSham bepmechn then desennms cn t7¢ velme of 2 ane 


5a 


Moen the adurs of K vere Dyer Se Le aanu Kae the utility of the 


Se@reenGse cor LO the designer in meeling tecil 1¢agrerns is reduecd. 


MG te erticuleriy truc in the ase here the Matmau permeissi bie 


Pec est te yelccity les crror is specified. Ine thes@@case> tm. 


eee i oe tC intereianec eres G end G_. 
S50n etter cerlewlsticns for the roct loci yerr Cagun, 1b bectee 
eetent tret ia functians, G end G , could be inlerehenged in the 
5 mete mn 


Sv ommee LOCK Wie Srers ~- tout «f*ecting tac Icci. ibs is clear 


mecn cne aries Fie ecu i OFS Of soe loci: 


Wenlm Ne = | 
DaD, VD, + NaMANy Ge 


Tee): 





‘ . be to} £ b Tae ta | 4. “a } oe * Tang a ond 4+, - ¢ ee 14 r) y, “ 
WS are Tae ad a i Pa Lae i pie mix abavy et « Th sti ts ty! SH Gy Oy 3 Ce iid ne 


SS Te@eebence] <nve the coustions vould be identical, since eager terp 


ere re Mrccuct cf D2, oF a Ci me +o tern involves either 
Cc §tt 4) 


PImCcolonet,y 1b9Gee, itis fet, ecrl) “14 invegelcmire weene ees 


oO 7o1ec1 Srsucm to one of the grouns involved in tras invesureeci on. 


aS. wo 


Per Gage lc, any cole hich wirhs te involved in Ue @_ Pimevion 


c. 


Sew ce Combaned tr.th the motor ole tomearc os Curie alie 2uncrie) 


ipa earl = We, ov motor ~4din Cool se lso Br jo eae G. Weta (ened oral 
Pore or ey. Oreinsliv, the L60°% end 1700 swsters were inclumed 


in teese investiceticns tc determine any ovossitle ciyect cf inter- 
ehenre. liowever, they were dronved shen it became anparent that the 


deo S’YStemM@sS ad identical leci. 





a = 


iaYecsie A Reitel ColWuter [ropran Tver tlott_ne et foci. 

8§ Mtrciucticn., 
Teme «1s 1s forsthae yuipiecc, cl Cae ining’ Ue mero con 
Duver preger-™w® used in comentine the plotted roct loci. This prcegram 
BeesUsege itr the GRA TeCL OATe CC- OReTIC™ 16Ch Dirital Comouter, 
Mmesoresr.m iS written usine tie fortran system 

eC oseCti yt, 

ae orgccti wes cf this ccnput@r eroerameare the follovine: 

(1°) [sine _t-e input inform=tien, calculate the basic 
Chpey,cueristic equation for the feedhact svstem beine investigoeted. 

(2) Ter seturllvy verving the eporouriet: coefficients (bv 
serving the aacin) of thq charactcristic ecuetion, calculete the indi- 
widuel noints which together constit te the root locus of the speci- 
fied feeibsck svste’, 

(2) Isc, for erch voint of the roct lecus, calevlete in 
acccrd:nee with foocntix P the corresnonding value of Ks which de- 
termines the steady state velocity les error for all type one feed- 
tack systers, 

(bh) ecord the shove infcrnation in such a form that it 
feet aoaves Manue! “lott.ine ef the room locus cine. 


GC Due ae eal Allen at a i Cama SR ere lle . 


4 


fas ro ream Causes the “ig@ite? computer Co colculate the roo. 
Meenas ior ery cvcte -yech can bie arrenged anto the form of (tie ersten 
svecificd betow. This systesn may be ony feedbac* syctem whose charac-~ 
teristic cow tien is of degree less than 101, The variable can eithcr 
be the fin ef tie aqsen locos functions cr ty fein in cmescl the ieed- 
Mae TNC. ans. he luloek Maeerer of tris system is shown in figure 2. 


' ’ A) ‘d et -) : ar _ € fan ao 
Pema Comer VNC UECHS Ws tive Wieke Ss lai Te hy 9 G 


neeae 


ae end Ce Can 





7 2g wbis prod Kava aa iy ng i ayy ©. 2 ila 4 yza44 


b 


aA a 1 recs qty ae Pl eee oe eae he aye MI . er) IU b 2 +a 34 


Fd 
oo = 


| 5 hr eT, REPO? 


Ce 


if) I 





Mheure 1 





ee ae re Com of “eros, Mae nre creed fom Cua re 
ote = q 1 rs Aye , eae a ay 4. = at re AI 
the Panetions 7 rn te 2 y iaeC ar ms, 13 1cr 
= fv f as re 7 hd 
"se i 5 ‘1. Cat { C } el = 
=| = ! 
Tq = 





5 
“a 
t 
a 
~~ 


N 

3 
C 
+ {ft 
t) 
w 


+d 


3 


_ (+e) 
b), (S? #£S +9) 


My + 


ivenecne Samplest forn weal! he: 


Q 
| 


“pbs si safe lessees eX 


However, enother ferm ~hich is permissible tut not neer iy es simle 
Cemersts of thee tyiuendiey ~roducts cf amy or ald of the GHy FUNC GLO s 
Piotaasit 


- (S$ +b) 
Gor Gog = GEE HSED) 


Bigiee Bcrsissmle form tronia he 


cy = Stee] [et Jester 


and so forth, lhe rur-ose of this is to clirinstc thé tedious oneretion 
Ome ue ra tanlisine the volwmo8.e! func ions which the@eomeptae =111 
do Wendl and -caur: tel, 

Wevertoel@ss, if it is desired to use this nrorram for 7 svstem 
memeheee@s not ccntein -n inner Deettoae!:: loom function teen it is en’r 


pa@c®e-sry towess) e - G. funetion which is @gugl te zero - thet is. 


assume 








de 1roemem Cpocretion. 
me prorram consists of thra@ Major theses of oprration - (1) 
Buout ahaer, (7) cemnutrtion of tle Imesic chrr: cterisurcwreueuron, and, 
(>) the cogrutetion of thre react loci v-eints, These three shases are 
Meoverca Ueto an “ore det: i1. The crdcr inee:ich tage arc Vig 7s 
Pees: er Oricr an which they gre eccom-lished, iIreco™ ese se comme icd 
Deore wre net is commenced. 
Oy tamnit shea 
Verne ble AH Nt “hase Of “OF RraiLLon Gite "come tre T= ce sires 


A. 


ToC Inei> informmetion revuired for the proper oreretion of the 
MroOrrar inc’wine tar svsten's vareeters, this input infermetion 
can be "read" into the computer «ither threusa the media of cunched 
carts Or emetic tacc, Nowevier, in cither cas@, ceris mist le cimejeu 
ae it themimarnetic bemesinnnt is Yesired. the car is must first be 
Meenseerras to it. The seceilic inferr tio® @rich must be suneliied as 
ioe Jie tO Liem com iter rl] “um covered in rore tet711 Teter in part 
Poe LoL sap cries, 
(2a coresmmeeticn of the hgsice Coerectrristic ea@latilon. 

een Locecom—icticn of "regang’ in @l eter eyealSeiiemaey 
Orme, tac Cem UtTr commences the Neat mphose of “Osrretion. “tags 
COnGcistS UReAERTae: of celenl: Tim toe coe gelentetol tooteeedc chic — 
Pee ticereme, on (Cherg the verioh'@, "gaan, is 7) using the Ss acen 
Meseneters oktainc® curing tie Grevi dis csc. Peer on iM 
Mitenced koeeticn of the variable, gain, there arc tUnrer ini fl epene 
macocds for ieting this calcul @ticn, Ser cir cnewmaives 2 dilvereny 
banic oM@rrcterristic ecudtieet, The desirdd rt oti cs2 be celecved 
Pueuse ch the core:trr's Gacc timer jump smplehme as follows: 


() (11 jw swetches down - ibe cherectcristic @eurtion's 


Bil 








ant 
G 


Tare FC as} ar ‘ere ayn oe be - 
or G_ Beers oY is ': pick he, 
{ 


(>) Jun switch number 1 up only ~- the chrrectcristic 


ecui.tion's coeificicnts cre calculete. assuring thet the gein in the G, 


tCranerer EOx ts variable, 
(e) dump switch nunwer 3 un only = the coefficients of the 


CeePaceeristic @eueticn are calculatcad assuming tict the vain of tre 


nN 


a7 Tremor cr (GF is varichblie. 


i reree emia linaeneest corifici-nts of the pesic cheracteristic @@iat on 


* 


Coes cemmuver 15 peady tc commence tie third wha 


i 


Se, 
(eeeetiew Bison of the woints of etheercab locusy 

7e@ 7 iyie,) @eese of conwmter oweretion consisce of commu 
Teaeuen cl ieiiviiue| roint= ~hich gue uo. roct “comge Tigisee eles 
ae co lume Dive rroecess cencigting cf threw stems. In Une tirst sie 
Meese CoOeiixerents cf the cheragteristi.c equg tion ql Ge @raveatiuncticn 
bi “Gpe veriavlée, fein, are increased by a factor which neflects dng 
new goin. The second stcp is to soive for the roots of this new 
cnaractrristic ecuation, then for the third step these roots are vrinted 
on the chesen cutout media, ‘Toon cori®letion of tris latter Shes, abe 
Com-uter incheases the erin end corresnondin™ gein dercndent coetficients 
of the characteristic ecurtion, «nd aga’n Freiterttes the @-mne three 
steo process, 

Piast) incrcal®e orcevidem in tim Wird sien cl thewiac 
1 


Preese= ie "ermonen tic’. end is cetrrrine® b- tee nrocra@ qser UU reurt 


yee at 


t 
"| 
a 
G 
3 
c- 
St 
4 
<s 
es 
> 
\ 


efetic whe COMMILTCr 19 URC Lt Glee, 8 6h 
Ssuartving ont With the charecter'tatic ecumtion of the secon’ “igi, tee 


we « . 1 


cr bho Tiers a ome WE s is multiso tec 


js 


ieee TOR ee Ls DUG 


‘ te 1. 


= f fs ; Ie Beak ay re ey ee eae — deen er 
br ture sctcrs ~ cts soecificglir the in ut erage (lor the cad Guerre 








aimee 7 WE 


= C4 4 =o Com — 2. Sy? ~ hes? i=? ° : Lab td ie 
C te ica Lil iw Coarse} a er. ee) ,, Clveeiaees aege@le we line cf 


. as 


Smoewey constant (ver . Te seconi Sector, Bask, 9s Caan ae 


a ME! Ce iOLemse, der ae) ai tame of Been iss 
= ’ 1 4 14 ae 
I. = sulssdteae uG BASE 
AL eat Li - le oe “ . so - eters LD " aL . 4 "4 2 i= i a ate es, 
See CMC CE SVE (eee Met iS Ol pe libeee “Und ome “Cae 
. ™ e a - 
ee a EC) eee eae Gs 
r so} : 
5 Re —_ a PS he < Be: 
Be An | rd Lys Lea Oo amis of Os 2 
4+ » rl G7 
fis jini 
> “=P ‘ 5 re t r a spt + i 
— h ei a) eee LU i in. Pike 


Ca ial, 

veo sclmage fer tie reels of @nch nea cleseeiael Bc Cmaic 
ee 86 Geet eecs, te Comber Cem meecrds Tine inegeiennee 
tio eee Co) aero 2 ike De® coach Getcor- 


: BA aera 8 ki a ae tes 
sex, Je Preore Wott WY 


a oN * ‘ - : are <i 75 fa to a “ie , 0 Ses 
ab — ae: aa Oe de, CS Peat cars C 


tite 


HORI eM FT; i one 


~ 
. 


be 


a d ‘ eo g Sorney ie —— aie , ve eee Fe fe ‘ne 
cial, Ge) on 1 pe 1 J i Tar} pera 1 Cee eee eles { el 


i lie Cotter Gag Sor to Geir C Ln’, ae Tle 


T . a is oe ey a !. oN ¢ 4 ct I ; ‘ f. c roy + ’ “. q 6 i “ ¢ ota: . al er Dis sr 
Lig fos tie bt ek Oe - Ms t rama Hooks n iy feet as oF a Ss ue 
z = ~ ae = ay ae - LO ° ‘ . % ~ -' as ~ t. a. 
Y Oe . <= a ' ec’ hs. 3 | ' Bk a ta c ' ie é ua : { a i? {3 ' Seu . 


° 


_ Fs ' 4 d f£ = su . a) Bias . . eels Be ; ie A jem ae ’ .— i bearers =. 
MG Loti Giocommm utes -1)-c° tem EP c¥iee hie elon 25 eee 


rm 
we 
4 
be, 
3 
jad 
Lb 
a. 
pails 
' 
iy 
2 
2 
~ 
=e 
1 
» 
ore 
~ 
4 
a 
ee 
J 
pa 
— 
a 
+4 
? 
= 
= 
~ 
a) 
™ 
t) 
4 
- | 
©) 
8 


C) 


\! 4 Pr Ca ee ‘arn te “ , > 1S (3 rCeS eS 17s rl »’ ova pe 44a ‘ Cr iT Ci ty yoeri cn] 


ced 














« e i] « . 
crornle 3 ' act 4 f (a! “me vit : ay } mr y; @3 oun re ! Ti 2 oe CC i: cei ed ae 
Coe Ar sn = ow | 1 om sAte er chire® fr eve me?" *tiwe cf 

Dee nrees —_ = - r j re = ce y < ee | a Ch oy a hd hd 
Sent jor Swier. C¥eeyeveremy OO -eraodr-™ 1. in li cated ae the 


Te CR eee ee, 


° ee. evar 4 Thr wt tt yeas). CU: 


meer tes th-t the -roct teemeineints mareheec ler | Grace seers 


peces@iry to suese-: thie comwairr ~=ithecert-in 1ftiul irfem: tie, 


Mis vcrce@nam is d@siensd to ecce >t this prfemacticn fren unc etieeaa 


oe 


Liamanre'T , if ceedred. tec int cmeds oe ome tba ceric mae bc tree cree 


Denies 2c teme nr cwiseers nt go oot ta thee comet-r. Thseeerwaer 


7 . 


frome S treed Pat sa tc int crmacicr umghe. Cn qeeh  demen’s” gri- 
merads cn bets the noeber cf freters in ecch tesic frnetion tox of 
i= SlGes ) loeb “are OTT eS igerre Ofer on Teena ee 
pomsuger.ig@) fectore. so ten "7, Ue. > cna Beer c ul On er 


cooiticatnt runber tome ct Ss, tius @erMivting ter eek te vessil a ve 


Caan oRa: 5; rr. 


e e e ia) -+ eae ad vd oat | a. =—- rey is | Ss . 4. e- oh :; 
ae a Het 12 rer of tee Pasic Biles - caution) 
Pacer tw cr sr iet -srateicrs,  Mdecoriueiticns)] pa (eee ne 
* <i 4 s ' . = a = fs nee 7 al f- aii ‘ ce na fant i ey A cC e 
tae TOC Camere Saree? hee Have @ eet Oat CLM OTF 


. ‘To Gaao Lf, the pele cl neti icci ‘cree ich Serie 


pm ho he c+ ear) steed 


& 


i “jomiiwes mich roct 167M, 
"Ta fe heilitine th cmenarnyiaten! denetie cf fe root Tecd 
avi va. 
h SecteWie* diemc iewmed’ cath b) a= Slat? eke tees! ape 
(mM eeel® ¢ oho rr ie. ee oT ey ae en oY maid We SE ON at ok 


hf j 


LOmaeevore’s trois tim aeeich Wemoerc gprevidrd cs itr: ut to the com- 


Rt . 














aw if hoa hiae Weint mule Tr ene ene 7 toe 99999.¢° 
Poca mee iP wt ay, foeit is Jor Um rueros: cite ving for 
ie tabe liye cf the tpoividuel root loci. It is ’smeeriies ie =i acd 


£ 


Do, UMECE SC Gteepeewor: tram ocmerect locus is dcsir@e forme seacic 
Secbe, ea thoecch rerre senting wn increment inva censtent e@eifieient 

i alee’ Une smeben:'os tramsicr Swncticns. sete? ly TG Is the Tabet 
Sete te the first rect “ocuc. Then fer cae sreerssive reot Locus 

aia Mei okt *nercusec ce” the comm ecunt aa thr anchemenbad coad! i cient. 
ee ees OT gkecccus to obavyestoe finale Piette o€ Gaeareirct. tie 
[aee vat of tees cose oi chem. wan bet tem tS SUCC? Sigil ‘en ee wmeeser |) 
mee 06 PUnhicsiei in the corneeronaing laoeas., As en «xa Sle of the 

we ci WO ccnsitier tee case “rere ae ani tis) ae ol tneiicorr aerane 


Toepeeanci@etca is 7.5. “em if IE is iesirnercd to be Me ipeoeenc 


Lee encraient is: tbe coefficient is tc He 2.0, the commuter ail) Lawel 


S 
f 
9) 
O 
o 
e@ 


teesecond root locus: 11ho.°, the tire 1g .> 
 * ee id 5 Ey} 
fe ' GC, rat 5 
The wert tec commuteticnall upremebers, WNC and TOPe7i1!1 Ga 
Gescicemel teeptrer in @iew of their e lose @elationsiiiz -and sivilar 


fT orn Lal oreeemes TOT anil es meats cne@ein (1) ot cve, or@ecribes 


the =urerease toot is to b@ senlied tc tig censt’ nt cectficient laiae 
Gamage °cremeee roct wens. [ef nrescroas the oye 1 


Pe tote teis cosfficicnt aw teinersame], UneroCercg Gudimeetyw TCP 


ane: (Comes tar apwieer: of rect ject “dae cham”) be Calculeeieg. Tove 


Belecteyl) coe ffiei:e nt wil) continve te  incresseW% slengy “its the 


” 


LagCr alt eCon= 


Pool )cCme ded) cn concetuent yy, correc root 
pene tC ome: VeRe obcd until tae coed (crits eae tes creer 


tian rer (rrnen this ec@itas nNroeraTr Oe ron tLe ginetes *, Poth eo 


8 





a a ee 3 - F Mnt oecir 02)" Tien er ae 1 ote 
ee mt ae eee ee te Cre 2 ae 
‘ va ¥ aT - i. 


aT et a Fi alee as “* 4 : c) - 
re " ee ci ORE hUcenst it cece Pee oP ich 


1S 
‘ 


mn oe, Fe poo © ES nM WaT es Ip earn. ' +. j : ra eC eget) als counme ft - a 5 b) 
Cr i , ‘ y Pe he i ise pee | ee ‘ : * eke va Gag | 


- an ee . . ‘ rea = <a ~~ . poe! - ae ae J. AY = c+ a lines Peed ~ 1 es 
Meee iy: ic ORM CORT ACL, os ~ dc: et eel eee 


Pie =| + ’ i ‘fg te ee Os m1 ALLS i teh eek te a ated [ es ng Ne j Wes oe . ploy ~ 


{ 
Ce ae 


wi cen) Cl tae Oca jiviteep intc imac wel nese 's. tag nimératcr end 


~ 


igrorinetor, : Gor br ny TineCaeio ia nua repel toa Fsten 


te 


eee, Li ers Medcl fi cs 2 Dh cocaWicicnt tc Recor need 


ee Gee BT ic |) wend “een it ers, 

See SédChi2cs mae” ttre oo” Wis ae Cee Ci aie aa 
eens ter CCE PCrent to 1 comers §. Our erect, \OOjE? is tile 
meg Cte en epee lore ome Me rie er Olt mweber fem 


4 ; ‘ cic 9 - Ley : si i ‘ Bi a = tn af 1 7 7 
aoe” . Se ae gg, ee  Semnecs” 20% LC ee 7 es le ae 


4 


re en AC | ees oe ae tS alg ce " : zi ; Vee 
- Py civ. 6 rc TNE oO” Ste GahC CC te Ci open 18 CAC Ten@ teat 


4 < a oe an > see ‘“ 1~ - : - nO ae “3 “Gi “ n 
Vo Se Bite ete) ea one chee theese Cr baie ee 1 Cl Gee Mee ie 
a Pra. int = ae 7 er ae Fe ae ae 
mt 5 wees WE eS age ae ee li. 
4 \ - ay - 
(}; af rae 


> Bele a Gu z ee q male ee eS aie 
‘Gis to MTeearose of Sa oc (OCeRMe vege of tie agra 


{: 


4 a a ee ere ‘ os ” E SE er eae F. thy). ’ sae ee an 
Le 9 < iit, a ai Gee ci € Lee i vert. a Lr. = Py Le NE os At SS. nutter PC 
x ro 1 ms 4 R ada Ae 2 a ol mie - e 2 ~ ates y ° a " Pr . ss c - a 
Va Cut weet. Le Bie wr ic | Se Luss tld ¢ ons@guent ly. 


Li Oe ea i Yo ee WE mee ere || neem onnargcm |) cMmteror ier g 

af 6 rect lacey oc’ 4: “oc ieueieeeest, OGGia Cs aS mien a 
Oe is ae ers ee fh, Sei a ic UD See 1S LO So Cad eo 
ee) ee tert ty” See a. Ce agement, Cor me 1. 
oc emorere <p bt Cee Eye. |r eee, 











Sayin -y eer Hirer 8 oe], 1B Cartier comet isw "7 
trie tee enew c= @cul' rea: ~lLL - Ce ere © - C? deems tre 
Pewee wrt Yeristiceis - «7, end . ate tances a 


("} GAIN. 


—* 


Poe rent col ur ti aie era, Gai or cvetes mag 1371 — 


aw Sime reer the vari: ticn inwbyeeain cf a@acli rcet leet, Sitter tae 


Megpotuie of Vis vemicd crin gyereds toet of Ghil, com-utation ceases 


Por Cle wee backer reookh lecvs castle nem lene (1 ween ean con- 


‘ 


ite “~ fe , 0~ on - 2 “3 ome * e i o“~ 4 hd — =a by wD 
Pacmce Or dah eo-t rect dboecus. Ae COR Dea Sf Lcamims Eointeama- 1 


AG 
[es ae ee ba 


‘ee ‘ 1 


Nias Portige (Crag is identicgdetc 


fee comPutéecns] -onmee ter, Sa. controls tee nurcer of 


fe 
' 
ft 


4 fomt locus br Soccif Ping the fectcr 


# 
oe a 
+ 
O31 

= 

i] 

s 
— 
. 
23 
. 
Cae 
sd 
— ws 
my 
ran 

4 
ay 
me 
Cat 
New 


metho oS “82 nto vow lid Sa ev Sint OMEd thic. veri stich 


GAR lac vars ome wes Do) lowe: 


S a Syners eee : ae, : hee : A Rocks 3 = t. 3 7 ¢ a 
P—eteisiee Gt) eo reeien Tinie: tee thet seis SUCCGRaIve le oF 
; -. OE * 3 . i oF at is ae 44 Hy ee 2 Pee ae ae J +S hae oh ea 3 
imi Cave ine = yy ele) ut Pee icees vols oe. IOUS, 


mee eh, ee eet Leib line thd Mae enin, mr rges 


{ T " r . ss i = ’ y = » as ee * . ee } Cant ond i os ™ i” = 
3 E ‘ i| f ‘s = a > oy - @ : fi Pic se -) f ioe 35 U ar ater i eS AY ele via He e 
& = at = } a i ia 1 = - ‘f Po ae a eS RE. = .f 
Ch " a aaa ss ‘ ras | ‘ rc a { Ae v ( Lan : ag { te 7 aoe 


=, 1. = a at) zs ve yo + = oh 5 Sr v7 = NAD Oo 
Vir See oe, . crn be “00 nvr Or Ce or © uel tc 9° 9a. Ce 
. - 7 2 a g A ae _—, Ca 
aA J ans 2 ad 1g) oe / oF : ; O° »w 
5 . on . s = ee a Au 8% ON . 
he SCO Wecic tT « af jet crpieiet - the swstepmeoomamct«rs - 











‘Sect! 


mun to tle comer iPS ad 
ve eye tie C amc om Saeeul or ° Ole Sma Te SMe ar 's 


L ~ - = 1 * ~ A ~ ae ’ “a - = 4.1 me o— 4 = = * aft 4m 7 t dot y 
Dane a oo a EE oe a ar the comgniry to C@gerenegnd tq 


eee : nao oA ae ; ‘ cae a ee 3 _ a 
i’ ae OC” OCT agit ae oe Time 86 LaeroC aaa Sot or 

Li * ee re oa ae 
tape te Is tise te anclivipeat. 1 aes OC sui aue 
‘ . ot = 7 
a Tee mee OL ha OLB 


5 


nout sve LeeleaeLers src TiviseP into 


e 


the 


arous s. ree lac 8300 is grou ei car Crinste nciamm 


‘ 


7} oe * om?! a i¢ a rH 5 ae ] occa t ry | ! ~~ bd i ~ ie ie (Yee Seay Meee lS meets TT + - 5 re Ree Wy 
eee Oe aes Sens, Te es Ue ie] eek (G9 Ae pee ok 2 cin an i Be Lee @ e 


. 


elim &. 0 5¢ iene c rsistscal) Gotewienorie!s — cneiean= the nuo- 


Recctor cf tie trenet:r inc ibe See Ctiemebminc tree dénomenstor, 
Sarees, RP cock of the ace no > RSet one rere Goes & erci, 
tee co ke 6 - tote ef ¢ Uebt (pied ae Be four, “Mis igmee tied t- 
[ae eccuys* (reer r, o> hee” (le eect eee 
aia jena Ye ‘city tec siver@mecyr [Ses lL. en cols m mats 
ol ae P “rr ee omy: SO ees pre ie do eS “eeu OGF oF ae A 

I 


4 
-_ 
ey 
ces 
awd 
2 
aaj. 
is 
—~ 
she 
Fan 
» 
om 
— 
N 
Ne 
a 
+ 
a 
ue 
. 
ee! 
y 
i] 
y 
a] 
‘@) 


Twat e so ner iter. fas “OR ee ees Ce 
e 
Tee age Ha” NTR FS oe ee we ce: 


i) 


. . \ os ee] ‘ se A me: 2 it 
ae a % emt + ~ a & Cie mu @p-oter ene Geo 


ro 
* 
he 
ea 
. 
| . 
3 
SO 
a 
UE 


(1 ee erat of 26) 


Q ae S «- (a9 ee Bec, at i se 
“es wera ~ ene Mite? ©6€©6lUO. CU ce | 


im 


(t' Minder eter cf in 


ie] 


ft 
e 
5 
> 
A 
4 
~ 
_) 
@ 
aby? 
7“ 
Feed 
oad 
Bs 
tai 
m~ 
™ 
Le 
4 
ia 
=x) 
a 
oh 
q 
on 
ae 
= 
©. 
Sed 


4 
ee 


sy 
3) 
4 
~~ 


F = a : . oo 3 eon 1 ‘ ae $ 5 rm ce 
a. Merc at 7 -O om UT Cemer Lor cl: 


= | ee = Cc q ete, = 4 Ae = mal ‘\ 
i. o Le. Tai me ' ~ d. { the ) al ca eo C Bo , 





> 











t 
ae are ey er 


Maeesscrr to t 


creel a am a 


cSuge tl dee oclysi@iielsenmgy ke sr toe gactores 
eSrerr be ave the Gawler BC ae a crrio tien 
oi) it i5 ejecessary te stotc oa Tie tecters 
Tiggs: ). del Or Cee eLaevor , he ina oe 


¢r Com er Tis degerc., ine “2 2 eraicnec iis 


’ r 


Seer bor ir ormetion is te be inetume® es. tl opal ccoite ci enisecr 


woe Broul cn 


ad. a “tae | 
Sere Ne | 


fd Soe 


i LS 


~ be shom Il oe Polen (ape 1 € Consaaices: 


s . , . 
(s’ ise ®)’,. “Tiis petyng £8? consists of 


, 


Gis 


mee, 


ie} --w" 


a fe (ps ee : + pits aaa Cag Ee - ee a , 
meeoors (@e@ch i: enclose@ein yr nWiesis) of vrvibomywirec., ie 


ar 


5 ” 
mis cords reg) re 


ee — <- oe 


_—enw es) a oP aw 


se 
There 2 verdad te hh 
e an) + 

ikrg| for 7 sisathy C1 ra a mi 
now 1 trade va a oe ee 
ll’ Ba PD 


‘ae “upple fry t, 


f ° 


Of S47 rcint nuviwers h: ving 


Hist aaa a 


Lerectidn Tener eer eae it Gercis 


* 


am Golo: 


“nN Cee Uae Nir er or J-cters 


5 


Seerce O01 UAC 1rst eae ler 


cus’ Ticicnt of serc™eOme tae = “irst Gector 


bias ae re (ss f r Tye rr — (ages c Oe Wane 


COC CU ha OL ae 
Cami ticicnt cf sccend weer eter — ies 72.ctor 


doereceof Llc egece ae acies 


Al } a 


COM TT CLont Ol” ZOrGn One Csr = S¢ Can =a e COL 


ece figient cf Tire Veser Tele —edcond i-c ror 


aie 
! 
Y 


Piyet ont FON oni) We tic last cerds to pe iad" 


a Ss ~ 


Ly 


e . * 7 ° Sp, a ; fv if’ . ~ 
a Te iiehe ts Tal oma Ce For LoL opal 


“co or, ine Sigrxfite nt Siar. tc he tere ec, 


FO ai TUTE 


™ 


fortraa I crm Jeamien= tion of la, 


Piseresns tet tes mipbris con beveny inemer Poke tase, 


Teg et caePTi cients ert wkeo s‘i@gr I] Uae rr Ove Cyaan nese 


oa] 
bh 








Cee w nce ie re: haste] Gon taaietrc "Ome Ge tigger et ter’. the ecnstant, 


~*~ 


Come mee. ir Pigh-Theerre tery leet eeeeee Pros in tctween in 


e 
“~ 
re 
Ex 
C) 
} 
ado 
= 
& 
3 
baad 


ihcre"@ op Sorere., lio eer emieant tyat a sepers te 


ae 


er ee rcoen. for eee Cerys Creme G deere NOlynonmicl 


caere TOU we five cerffichdnt cengs. “Ine pee ece rere 2 coefficient 
eeeeeo, fy 1s su ticietieto Pees See eemmci Mt “ith a blank 
ogee 

Figure 2 s ows the list cf capris 42s Gael! 29 be i3ut to the 
eem@enucr for the svster gehen in Figpres.- Tose stove the dotted 
fone ere ceompubtaticns | nadrameters. These wale vias “ine @re system 
Popmr tere, w@eiso inclubed in firure ? 28° 79m acti lm tres dawn of 


oe. Cards sy bo -mociat! gndWesicemmctiens: icr tre sehen 


a 


reeks 


ae CC. 08g CClamn ruwwhe rs -t tae Goo re snc imadcd to indicate 


omeesce CC wun tc gta ¢-rd cag Be ie as cc he ~inc =e, 


Laer 


oe 
=) 


oC ub 

Picre is gningetencsive @r~ount of cutgut inicrm-vicm weich “ust ne 

ree Pyare Lo thr Sverr cf this orcermam, Series, CS en ticzas 
Peeicuse”, wietor nts of sacs root locus. the Corm@koon ine veluns 

peeeate, ea. tic Weer] for @ect rod’ locus Waite us thr cuthut ififor- 
Pon, “low var. cre cre Dae otbcr frougs ef cule b inicrmeticn 


myer, Jue te Pieir mote rti7 uscludness te Une rorrer user, are 


Sleo inc’ yee? 28 <mtouts. che first of Wies@mis the “isting of bie 
CCaa LCoS Oo: The eyprt ‘olwnovie? functions. thes@® visted 
cosrticicnts er@ thes: -" ice riswliw@rtr the cobeuter multiniies 
Lome cidr a of thesfectcrs cl the inpeteselmemiol: gnats, @iale 
et frowiiinc we agect, mec’ tie ‘io Shc Uage Gmect so sigeit Sor lich 


a 4 


bee roct beet see cost (| bbe eieccme crows of intcif’ tich consicts 


On Stotene ots, wr rd “achracricm@ in the o thaw. cic ceution vas 





“amber 


fi _ 
pO lum 


rea 


giao a ee 


— 


y- 


> 
Oe 


® 
AP) Pen nes 
ds 1 il, @ rd 
wae 
? 
Dod - Pad 
a 


ewe 
: .. wv rg: ) 
wt ww Eo eas 


eee OO” 
. 
Lo UL 
¢ Cage 4 : 
a? A a 


rh 
wo 


ae 


” 
t 


¢} 
we? 


aa : ae 2 
( ve AM KLE: 


‘ 
ag 


nl aT ) 
1Oo OON 
Oee 
(INN) th UL 
mu) 


10.00 


J 
IZ ¢ 


1.00 


ental 
HN 
‘u 


A 


10.00 


oN 


( we 
ie al Be ie 


ton 





i 
ny 
-_ 
ad 








Vy 
i} 
V) 





endteo 7 (T+ ‘ 


| 














hh Ley a LONI 
Gp +S (EFS) | | } = a 
nal _ ’ Ot | . 








# qq 
apa ast ae 

9 ms eee 
f 4 i 1 
4 -_ foes { @ 
| = 
i fn 

ew 
! a 
C 
* i 
’ 
F Ree a GS SD A ee PN eR ran llth LE IS Sry SR A AP ce Sa _ Re . —e a Re A 











= i oo 4 


POGEL OR) VOCT oon ME eecu 


4 


Layit - voliin‘er Brectc1 Gateeenroe 4g tien 
: mists Bante Pee POCtS ae (1 VEGCR acm to.) cuar: C- 


Toe ueric peteyc (haa * mo i ramOre , iar. Cotas > DIBmeOOInLsecnn 


a4 Se Sh ed . . Ley I 5 te ~, wet . - + aa 7x ey 7 Cael 
Veo COLE be Gre cn BPR hime ros eee rie et 


AY) of cee onto Batter tion is 9meecries in secordence Biz) 4 


+ 


epcci tic Tome, we aWem in Paes and 5. ihe romier Pipure’ shox: 


5 
Ten 


omer TAPS "or We Wire cero Of 7 See or 


o~ -\9, £21 7? € 
~ ° 


~] ° 1 @e ° ry * i 28 
iat yr Sete: sikceg Lie tepranesien co Ta .imet rect locmis ag 
ee Comyancement co hoe secd@e@ @cr Gee8erst ,. yrenebine ie I-rel 


~y 


Or tr@ iirst reot jTocnc, Tiste@in Gale sae Orde: <c bady Taare "regi 


0 
F) 


atc bee c@@oubrr der Cec col pa Come icicnus. Biter teeertcct 


Be. cobice i. tre stebient sce ate” «Cicer CG "CU LLGHS" , 


Calls 


ere Lic @:bves of reot locus pointe ag Toe 7 eer eee Gay or 


these srowns ame listem tac i tame. Pwec Tirso eee toe Bein swe 15 Tereled 


—- & ww “rst 
i 


pil, Org Peeapeins “n@maecr eer Kk resoective 1 #s thie 
o. 


- 


Mirah eo. The seem! item is Takeo tae ann eon wittde: intc tee 


Ot Rae Sodas. ive, the Suess tc Gag errcr icr the irae amr 


Seerc sectm. Gen 12 tet epee eee sr ee Tlie ee 


; % f Ss) : % ve ee ae ay my - Pa - nn dee Pee eo © ye * 
fone ~ “la cgiac Sls s SUC rea PE> SNe t Tol cae 7 ae 


je 
sy 
is 
5] 
of 
4 
‘ 


i ‘ 
ie bh a lee ) sl a 


’ Ry. 1 


Marc af severs) sites fic CeMlsnes Se oe So! | eee 7 
eres bee ° ost @ie ct toeomelintewmee Barcel Locis bier Pca 
sirst of WPL! @4c! ecint copsists of Bro “Pte, = CCM ie ml wen 
Beer Et. «Th; Seie cases So of Lhese@ marcus Bey be Zefo, Lut 
Stat Wil! be biste@, “or each vochBi amecn lees wet ecu Ti+ 
iG eoweeey¢ fer | reas, © Censiyaaer CamMieeeroint “om @lac be 13 5teq 


Sh We sate: ore: Ca 1) oe aot Ulcer: ) 7 eer, “ee ees eee f 


'-16 








OLYNOMIAL 8 
-OOO0E+00 elOOOE+01 .~ITO00E+0I 


fe) 


- }OO0E+01 


O01 #SO00E+01 


- }OO0E+01 


02 ef OO0E+0!I 


At. & 


ad ofp 


M 
E 


Oo 


OeUTaN Crna 


- }OO0E+01 


00 j~1000E+0! 


rn: 


INSSTS YF LO TTY 
n" t : 


0.00 FOLLOWS 


SYSTEM NUMBER 


%ly. iL = 


OO 
One 

e 69 
— gee 


KV 


we) 
~MAMN 


Figure 
Awjw17 


OO 
Oo 


-1.96 
-.00 


KV 


WY) 


- 00 
-1.96 


-001 
J 
J 


—4 32 


i) 
x~YIN 


8.333 


Oro 


Or & 
e6¢ 
= we 


KV 


i) 
LAY 


PERSE MOCT TeCuss 


~ fm 
Oo 

e668 
= = 


OS 
Oo 


6.68 
hw) = 
rr) | 


co 


Oh 
oe. 

e668 
— 


KV 





oe 
oo 


© 93 


ore) 
— 
o 0 


KV 


MW 


am "2 


27.17% 


—- 1.80 


xn) 


] 


at =F 
own oP 
ee 


-.3f 


8.333 


= 


KV 


32.609 
J 
J 


-— 1.30 
—1.%1] 


AD 


39.130 


-}].90 
—1.37 


4 
j 
are 


ane Ee Caer a Ge ee Se ee ee et 


OD 
hm 
e@ 68 
= 


NO 
a 
e 8 


46.956 
J 
J 


— 1.80 
~1.43 


— 
Ooo 
i: 
Lhd LS Ly 
re NN 
e@ e@ @ 


! 


LL, UL to. 
OOO 


fa a od 
hated fale! Ld 
OS 
a ae 
pd tment band 
I< 
an ae ee 


tL LL 
com 


od at OD 
{a 
Lh Ly 
CL OL tome 


a as 
pre be fae 


(end boa} best 


— te 
Z2ZZzz 


Game) teed} EES] 
I< <f 
te be be 
Aa Mod 
LULU) UL) 
QUO 


—p 


boo foe for 
O00 
arate, 
oo 


>> = 
OOO 
aod med cond 
Lhd Ltd “td 
coc a 


rm 
pf 
e 


-e/l 
23-93 


8.333 


> 
x 


© 

= 
N39 

e 
Age. 
fark 
e 6 
— 


i 
MUI 


tw 


eS wa | ct 
Pa} the C: 


ik 


Nahas 


823.00 FOLLOWS 


0 


1 


0 
J 
J 


SYSTEM NUMBER 


OO 
OO 

e@ 68 
oe ree 


—-1.96 
00 


8.333 


KV 


- 900 


—-4.92 


wd 
pra a he) 


oh?) 


e .¢@ 
PD gD 


KV 


-00 
—-1.96 


QO 
Ch 
e 6 


er ee 


NN 
LAW) 
e 


NO 
wale. 
°° 


KV 


001 


~].&0 
-4 32 


| 
xIAW 


Om 
Oo 
@ @ 


KV 


— | 





necucearri:-, JeCalt td Bigcd ovr @ctucellr, Micee 2s nowset cricr 


fae ‘ 


Ars * ot Jee me our SUn yan a an ie = — = . = Bs = F i eo 
roy er “ine ito 2 CCD Terr Clik LE RTe ec 7 aeo! gin or 


Weer section cf tie root Pocus is 711 teu first in the initigy ercuns 


169) 


3 
Simoes NO reaca tc fagaect Ubir order of “i: tine to continuge®or the 
Ta woes. @ goints mre listed ingeacr grcu in thg@gerder dich 
Meee’ Cltiri@ed as roct* ef the eoeractewistic boiviiteaa). 

Metin | camhent r geriiinge Ge Tistine of ti ocints ccne@ins 
Peet el i > the prorrem does not cancel cut any actors ‘hich argesr 
meer? we qumerdicr and denctinrtor ei tie system functicn, ine 
Meer cre, twis root is orrsent ©s peec vcr ci wdc. cig acteristic 
SLi d), amc -O0e@eTs @s sepcinb “in cece’ -rouv cl soints for that 
oclwe Tet Decausemtnete. = Colnt if reveseed ine 
fou, it iS eee Getcctcdy amd Uocrcigee 1b may recdily be acnorea. 


n ' 


a Gee of fois is te aint 1.°O in Tasure wm 
re semeeucr trocrar Instruction. 


wnesfertrear ans ructions @pacr constitute tre @rorran for cor 


tL 


moeylue bet TroCt moci erc gnc yuer in @ ys appemdi>y,. These instruc-— 
t? 


° ng 
om vf 


pilemceeeo listed in ths ~reper sence cneenes Jel t rouse 








QO oR 
~) 
= 
1S) © 
a 
o ad 
_ © 
mo ‘ ~ re 
© VS 
Ss e3 fam.) x 
rs ag -~ PA c foe) 
—~ YO — 
Oo - * _ weet Zz. = 
SO WU > - » N 
~~ om CO —_— are ee fe) 
a Ce = ~ nN | fo @] 
—o~— & eo om * Uh 
O=—= € —— i x ~ “ 
—-S i <= == «© < ® a 4 
es = we ore ea ~ =a Cai Lh 
O72 &. m3 a> 58) - 6 & wz N j= = 
cad | ees MIN at Ga xo 7a ~ ow AN & = © Ww =zmwm~N ftw OIN 
— ea * oF = md >) aon Ld se] Agee | Liu e aon ae Ae 2 aon @ -_ = 
mm »e—OdC ibd » i @ bes Sod had Ly N rong cf © > a adn OS ale ake Eo? a? al See al? 4 
A~O-O. 20 0 & We > ow mM ran N ~ Z2 UW wad J JS Onset LIM 
eOC~O Omt << Co =@ Com ~ =z Om o = N m2, — Re CO ao 80 O00 2 O ON @ 
—Ontu reO WwW oe Ps Oo Oo ~ AM nt ~-O Ww YM AaAMaAGMAoOzTaan®d «i eho 
hae awa = fil ~ rao AO = ~~ il od = waz We > to®) = 2 
WY oC) <f = So oe > || > ea «aTLoO > — ~ OD UO WWD awe nmrann an acl wea act ac{ af a 
TOCGEY Dee awho- « >~— om J O2¢mrO- 3 N OInZO Z Id<edaocndddndoocms a 
Om om ben ZIM VIELE m&~— © ~~ ay a a) o— N= —O 8 we = < 
afwuwjm> eeN qao>—- Cy«x0n =N—Oo | Nm ea mw NS) om ae oe Sy | MIO a +> MAIO WS ON od ON ed ONION ON eed ON DD ed 
- O m~~en Wem Browrrnae ~ kh © =O. OO a~ N bene m ea NO be Oe Oe ake Rabe remake of 
C27 aD XKCTO alien eZ WNZE + ato <i wets ee tee hWwe+ aT OF ON aerwNnr Omni de Coke Ge id de ode cf ite 
CO -—OOUR™= WO =—ettOoOm WL m—mweKestD Oo tis Ke Orla ONON Tut | SOD DW D LD JD a a alD2eI)D = 
Se LN oe NIO, eee NICO zw aw ZOODZNGOYS -EONGD Suz Seat “eee wm GING 2DI RIGS 2IIWDIN> 
SAAS COR be OOM RR be 9 Ot Uy oh Loe th a Lhe A ee ee en Sacer ee 
MeOorrwodg < Fewest til DANO Nw ne it OM — i oO (<= ~— {I On LK OC If << he 


Ow se OOOSOOMO> TOE OZ wAImRMOrO CO BHI ZerO 2 KF <hr ISS eae C22 IIIII II III I 

OTK LODeLKAS AAS ALVAISMOMT SO 4 jmodttyss~ IdoOodD O—-0 Zeta OX Ser IIIS a I ION 

Mr ee L SOOWWIUOWWQGOOOWOxUL DOACOUM We PSL OOW ak ODL DOCKOCL Yr OmWOe see EIS 

AOOOCOULY CYCLES CAO SUS ZTOODAYM ES YHOO HCAS SHO Z™ZOQOUOLLA DOF RHLAOUOUUOUUU UU DY 
amNM 


= >) mg aw“cr-c= Om OFNM OCOTANOM DOO OK NQMAN SF Wee stmMeHeNNM COP AMANOr-OSOKNM =F 
oO o © QO mewn Nw mmm NY ONNNANN NSN NANTOONS AMMMMMMMMMMatstatsr > 
ie) mM @~ ET = N NN N NN NSt © 
oO 6 Oo NN NON NN = 








co oe 
So om) 
$s ©o 
6 on =) > 
ao ® GaeD 
CLAS tly @ 
wo 
Oot & 
aN om @ 
Oe On 
an Or 
Oo =O 
4 —~O 
N = 2 aN Ow 
© eS} (= 
fo S| uw wd. ee \ 
pr Q >O — - 
= = Us = Or oe 
Ou) ~< > -~ Ce | -~ UO> ——— =O amd 
-—-2O Zz =x J <{ 2 <x > ~~ ~ 
OM? > Om WwW un => a To 4 mu Lu 
- Oo - el] Wu a Se w= = J Ow uw - 
Sap WW » OO <= <«¢ YW wo YormgZse ~—- 020 fmt » ; 
~ NM mBbkm Ff OT >t «3 < Oo eNO © fad a F. - * 
——— O s=E=ZOW ~ OD. zw QoQ = OuUWx Mm tO mov; 2 = Oe ei ae 
—- dy Mndgico~w <I Ud ie 4 c CO ama O z © =) fee) wo = 
<I o meme i = = ew << Cae M om yt am = UY ee) = : 
~ >I <f = « qa ~ = ce a?) om OL <~yv~ ~<© ©] aww 
e JIM lm a a _ = Wwe Qw) "UW = acl—-— Oo we = (OO. -_- = Mma = 
wo Ose —MCOUIGEe =.) OOorS te WO0e ae OF0UW | & os ~? _— 
SA Od ea QDAa0 ee cto aZO~E = UL 0 KX ON MM e> —j « N © © ~e oe om oe aS 
<~s =xmr Care YN ZY WO-UTLOU = WHO Owrow Ame Va) o on aa qI=-O~ 
aan. - & O>O0O”— ae—aQ FE WZ wd -eOn- WO © =-_ ~~ 2 < < —On~o 
= Peet Uo daal— © < OW et YX OFAN OF CQ pot we IOC h—- * nh o ato) 
COOK ~OR RS So{DDaeW- OO e> zwei e DtOwmDU 202 ot > —~—O e = + ae =za*WwJ OU On a¢ 
at et eet mwitiet ucmvucent CF > us a >UO as> 2UO0~Q%r Cs —O a_i >a Sg CO = etiam Lijnww {vw 
MASLIN J eed ee nmsy ~~ C= w= 2CCOORWKS w~ gt O2LO Ja Fe) > wl e Cm 0D < =- 
RrROmMArRUMD IID Remon s- tl tt t<OSZVuSwWeEO M Wa Ww aw SO >?) OQ if ee 13 ff bons 
ft << wie DZOZO~sIO west wait W—-OmoadD—-“n2Z © il ow zaZz@ — = i if < a2aztel 
2 DIYUD JIDWWODDZGS eh ODP WO DMN Kd mm Odet Zod | N UJ UL =O ~~ Mm *- MW Hreoows+ “i tf =OmloO 
CGCOoODODAQAnNNOGCAMwWestOCtADAG wD ODDALAGDME M-CuUIM ee OmmO 10 to.@ pms baal 
peo caer a a <Ww 2ZGtwe~Oo ~ili ct DO wAd OW~-G 2QMNZOZ Oz ace HHMONDS atiwse DWH tt 
use © Ort hl O “nh tk Ce~oOozoO>a OZOnr— | COO~2ZOLLre SO OS - &—- LK OZE 
SS uae ad od J be WJ I PO UI O.. and —_ ate OA MWS ok RRM RR LO Km OO HOA OO Oe 
JI ee IIE oI OZ OO KIO NI IS SPOOL OOMSEZT IHS ~~ OuUs mae rt LL Ji OCS tie 
Di ate o Nene eG aoa OO> fOabO met ome nnAGSG WwHhOokuw OF OO~~~004C~<Oo aW2Z20e0—~— 
OUOUUUU == OOM WOHUUIOM IOV OA >PUO>—VNDU> TU One ONWNOIZ a= ZSOEHEOZQOVOD“COUNUINOOWA 
COO “Y= = Fos g rae) mmm AINSI UO - NM oO mA AY OFOOO = "N Ms N 
aes oS SS 6 6 SA iat IAT RES. Ye) OOO So WAMU UAL =O Oo Od ph 
Nv = - = 9] a ae nN) Ny WOSOOOGOODOCSO O Oo OO Oo 
ee WwW N a. we) ve) . 














“wy 
510% lana? a a 


_— -« 
i oy 


a ye 


ee a Eee AeA) 


ie Hi Ve 





r 


m= 
x 
a a_i 
NO 
= os ome (NJ 4 
N N Ctl 
r 6 Y) — 
© eS a 
— = om poo 
5s se tO 
ae) ae | —~O2 
m™ Of 
~< o 
i ae UL, = 
ne) nm “OD 
oN 
@ ® are 
N N —— CS 
e e &% of 
Oo © <b os 
. +E —_— iL © SS] 
ow U. eO 
t= we | 
Y VY) —oe fe 
ated as ot mr © 
a > in) ao = <N © 
a -~ h— an (N° 
~ — >) -_— N aif om ae ic 
7) <= — om om = <x UW ee bad am SS baat bad 
th a NN = WW - ma ~~ o aA 
a - Zz eee in Oo ~ ~ — ee be 
aon Oa — WWW © oe ~ “> om po ah a~< = © is 
mm O tty oe ae N tw NI and NMS araoen © 
Oo OO OO WLihLo " @ oO Lae @ tt Re DPOY 
— ae © Ww a Fa) Owe & OW Ch MONO 10 @} 
~~ oe » No>>O © Ww) =a, | mm il rac WNW » O 
+. » ra “Y¥~Y~uM Ww © u. tL. og iL Ee es ee ed Or 
(golee} nD a aT rT x end — “— & e ™ a “> » uw Of FAL ‘os 
ore ~~ hm nnn = ne = “= ama © 
> J > +t Woe wf * NZ oO — k= Irv a» a 
J = Od =~ De O KK KO > * uf? oO Fe © <I ae SS > am ao ht 
IO a©O «= ANOMNOOCOMW> “~~ > oO Va) yo = Mx N*) em an O o~ 
— A, ~—_O = Wo NNNReRx~ > Fm © a om po . _ _ be {I—-OOa --~& 
w <. LNA aw nen DS =” = on he aw Jom & = mp » J we Ome AIO ~ Oo 
NI ®8OuW) mM aD et eee = AY AION’) & or om) OZ NOMWDINAN N oJ No bend NY] ae tae 
bee ome CO Ld he --© I Lew poo eee »« 2 & e ~ e > ee ANDO ea To.) Sm <I Cl = mn 
mae CS 0 Ta ZoHALIMNALS = Z Nes oneal xO © Who —YOW —StOW Due QA. Use c 
DVOeZz °° DO = =D erm ee IO NO = TOE ape isles Mt mm UJ sg zaM~atagt =~ & ) 
Om ro nm Ce a COMPrILULtLe-<t (2 <I & ¢ = } b= LL) = +hiLy + +l~w CeO aI Oem 
Ws we Lee Owe med Oo we O rz om. CcOxez ~~ Oo 
<i> < * CFZOTKMOS a » » © OUr-F 2D » eyr po bo me pombe - <n fe i 
tJ mad un 7 a Ww AYMYYNA- EO I ma Oe ZNDON ANM— N BZB2NINSAI”NON WS2SZz tC ate —- SO 
2 Zw Pe Me Zee ds, Be SN a CWO DVHOYND TDeNt lrmw DBMAOVODIDIAVOO SCCSlY Sor 
m™O 6. me rei ClO M4 OIUNPOMWODOSCS ma oO OM OS UPADOSZ NO OOMCOSCCMOO See OO ZOWWS 
p= ot ea frm ee) wee er AIL HE tm tam te OHO Reem UU er oe ee RUINS Om waoe 
2 DNOHZ DNHorspf IZ a — it Wait Wb LL ia 2 we eVigs) wae Ze 
~ O22? fC OL2O~ OZW ef fi <lW OR OR LEO ORO D CrkeRO ft Fe Oke ll ho aye i ae OwWwWeZO it lt — {§ © 
D SLWORFD CW RD CWS TEN Z Ske SZWZOWS eZee OrrR SSK we SWS ZO aak SZ CASS 3 <L / 


rOMS =r OOT ose OMNS~CeeeH SW MODY D DPD 2e@2 DD CLV OS ee OC ee NO Oe OM we 2S be I 
Ww ZDHO ew FD HCO ZF DHLOOCOUL LOLOL KLOWOOCOCOCODLDOOOCONOLSCOWOSC We RrOCOMrOCOZDOOMCS ATUL wWO 
CUNO O<KLWNOOA QWNONILELL OOO ODA OOM SY UY OONOCYYOVLMAS LAY XK LAOYYLAOWY OOmO Gm Zo 


= 


© Sc OFK-NTr O My O Oo FNF DO OO & DOD KN i st ww SO or 

oO © WAAL nm Www at mum WwW mW Ww mH ODO Oo SO Oo <O oO 

Se) i OQo00nmw 2&2 OO m km COO 989 0 O&O G&G O&O oOo & Oo O&O OO i 
= AWW? Ww Wy —_= mee oe ae oe ome ead al = = oe — = om re. i 








‘a 
i F eae ow - - es CO OT AO A TT RET rr = cm a wr ce cr se i eg 
A NR 


oe 
Lb 
= so 
ia 
WY 
WY wD 
4 bed 
a} 
bh << " 
CS « <4 
oO = 
wt Ld 
pape i x 
— = we 
i, —™ ne > } 
bad Feel 
uJ ey —- 
io 4 x< pony 
< oO < 
= a 
pe | as 
< ~= 
_— me e am 
= fo (ad 
oO a<{ ar < 
’ Fi <axo — SS id 
~~ Oo Om - \ 
—_ +i = a 
Oo a OD mat 
a «& Zim 4 
“ Tt[= WAN Ce 
uw = he Ow 1S) — 
oe Worse ™ . 
- 7 -rOD ~ 
i) airy pag oe = : 
wm ud eee af a 
a a a Pre wpe CS ce 
— rr e& << ‘o an 
Oo A & _ <> aL ) 
© ~— 2 tC) x<—<O sad 
(o>) at) & <= ae toe ~ 
© uy = ~ ~ NI 
© — id & _ bk OL ~— 
ro) Wo Wf oa ma Ly iv’) vod 
Oo - m SO = Odmtmn—wW fa 
Oo Oo ol Ee Oa = x q) 
Oo & — WO ew DO j 
oOo & pw LJ oe ae * 
Oo & an © ~™ Ua i — 
(o>) Oo & MNO Oo mm OOTDO aaa 
— Oo 900 +O TW — ew = Sf we Nic 
» Oo Ccoooe ia & » me >< TX O =~ 
—- om Oo 98o & j= bo —_— em ped et DZ eM NONS aL) 
_ O2 00 oO- wn oat Oumar = wij ele 
j tl ~ =o OO OF Tolteiololo) <p Hh scale Or Po wwe (% cc 
«<f ° e Ooo ow Oereoe YO CO ert io WN WL ~ ~-& oe In em am N <{ <{ 
jt in ela So On Relelelore +— m4 FSS YM o Oo |—-2> Qe AIAINIDS MNc00.0 
‘Wy Wide Nw ~— @ Ol ud Leimert tt ihc Abd ope (ae ns Oe ne ae ae —OO- 
22389 DDDDDD. YOANN CO OBPDVIVOIt t hh MOdDD+eN- 50 wR em Oe pa + mam CO) OL OY b—1 OY He ott 
WOK Ze Zea i it H!SJ2z2 2222250 RRP 20" He OO Ok 2oa.+ OCALA ae omen © 
N ZZ ON eet er eid ft FBO OL PE DE TD TE ULES bt et et oe comes rm me me rate tent pt ted LT et GE bet SD tae ee LN) ee ang Wr ed OU CL I 0 ee NOM 
> wae pre fe fee b= Rm em nt req C2 ew Bmw fre mm me CAINS NG fre ee he OO et et tee Chee OO wf wee eg omome if ne J) it ti Ce) | | 0 
Sih C2222 22425 eHKOTrNM SO 222 ewww ZZZO—K—OCRKSZ ~@OOATPOOO ON OZ IE CL EU KE ONO CS Ol tO te OI TOL HO 
WwW OYMOCOCOOC TE DSEEjJOAAAA STOCOC = CH Ce COOZEMLAAOOYMOUVUOOWM ZFS YUM IOCUOONMYSZOKM KOE 
ZZOVVQOUVUOUs ZeaetS TwWWwu YOQUMNMNMMANOOY — oew ies 
aes 
Oo WMMNKINAOO mA st MOCO == = ON O NONI COs me N t: 
oO Oo WO w 0 oO -sSO WM BO nmunwW) =O ~ _ _ 
Oo Co @ ) O wn ow Oo 
ron oO AY ron | 
4 





) 


yar d 
© 
i — Fa) w)~O -~ 
e UL == x LL LLJ om oO 
oO WN ~ 04 
<= = mit 9 @~ mil Ld 
Ly uJ ox ‘an nar pa 
> — » » j—— arm 
» ~ oa (a oe am Cl Or me 
~? -~ = Iz © IOqgWwes 
=< a < be LL & re aX o 
= = ‘wh aD = oe eM & oY 
ec ~~ dm cz at red ECA =P OD ~~ 
2 ide wee oO <> ol} =) RO 
- t= a a7. ~ wd we old — eo 
— < oo COW fa LU Sem Ne US LL 
c 2) =) Coo = 2 OO UW kL AG oe 
| & —J s<— en ty C3 ee) » aD ~ & 
= . Oc Lom w YX OD ea Not 
fa mw Ni» ccCous ae = <b b= po b= 
an oO Lij = <li RY wWwitic *# a =~ =o 
8) ly e@ ot 0 Oz ake ~ = WU WC) <f Ly om I") ion hp 
= a a ay<f al ae peel QOOOAkkK HO rhe oo - pare 
a awe cy e rhe ome LULL a rnn a & am oO Lgl - 
Ni Gol Baa) Ce 4 my ao am ayy & tnt treet CS bod tnt bat bead om = 
- <a*e2 = & Mae Om ma 0 Mol al 2 he Ow & a 9c 
ed som MUL KK hh © <f ee FZ ONY OY Oem ee mei | It] a & 3 Imo 
be | AeA Can —- © CO SW Km eer ee MMMMOCOOON edie f -— pe 
. elon O & fh N= cen me EKIO ® MY mh Mm ww ee (TD KI OO mw e nm & 
— wihE a e «= MNIYIIONAN © 8 aR OM HMA ee mee ee No 
e. em eON Oo Oa we er eee OY COO EINK KK COL YM boot tmnt bm fre pas ~O 
MI =. el amet Oo o-~ CL at OS tt OE et OF pe emma UL LL IL th ot Oo bh OO CO <f a oan 
~ ~ ¢€FO00~——m— mM MoZ MMMM KE MK RONemK tT Ii acticcy ie = —N) « 
® = YCO—K=CA) a @ aD > Ie € 1 Oto xKRI SCOR err"O0OKdteao-~ CL OLN) ft he fo 
NM) = S&S wesw oe YZ mh EOL ON em mom me fee tee nas fre ee eet ee foe me NI ANY CO KT f= <I CO be CD <L few pw wn mae ew Lf) 
275 ~ 2F OxWe ~O— — ae mm NA ene 00 HDI Bee eS Oba 
~~~ i SeeateKO edhe -~DA00 ee me ee EN EF ROKR OR REE COMUQUOSAS 
| oe deen EY YS We NOBs Baa * eT 6 MCL es JIE YM SETA KK KK IM Jd 8 OO he eee = sO 
3HMN JID CRN nae Proudgo xxx xX KX DS OOWWOOWW ULL DSN DDH ST DD tthe + 1 | OOR 
Ta So SRRROS Ske It om wit Ht eH PSEESOOLQOOL NTN ESE QE TORCHES] JOC ROO! 
Vo teten He I LOODMEROZE— +00C¢m CL OL oe <f{ OL OL Oe xx -N QaMo  <« 
me) NA) ome oe roe oe Pee EOL wee Jee Se rte IOI NRK CACY OOI Ie Ie SI COO I J I a ee ld ddd lle 


wm HO Mt tt Mt et ee IO) me J aS tetewe = ILD I Nt Mt << eo cf ee yy Ly Sy we Ld J J I I I I OW te 
OO mee NE AIM TOY MEX XAT KTOOOYOOL HLOKTODNE NK MOOOMDE SAI eww ddl mei el @ ON IeNnyM std 
Ox KS YSESSTPONNALLOCOOWOAA OD OOY YSE MIAMI TWO BQO GOOOQOUUU UO UU OU Uh eee OU 


mM Wh © Onr™N Om MAMMODO he Oo me APA TU SOM © mm ONIN AFA COO DO MFyeN MOSS mM & 
— to aad 20 er meer ee = DOOOOOO0O ccotal en nee a ON NNO sr Sary Ww 









a = — ‘e- “—=iie o8 t omg D) 


| 
Dr 


—_ ts : ae ia As r - 


: de 


— Y hey kh nO 
7 h five at 
¥ , at be 
Al 
. ; * ih a 
: ANS nt 


. + e 
- —_——_— er owe «~~ - - -_ ~~ ee — ome See ee eet pee Oe -* - ~-- —- «mw « ee ee Fe ee we em fee oe 


{ 
i 
i 
! 
i 


a we) 
day 
be x 
za ~~ th ——— 
ee fe) a 
fre = 
—- 
” — x 
= bh > = 
" 21 © ad _ 
ce - © WY = 
w cf ~ 
@ a oO 
~ = ae § pe me oO 
e a | ie = Po 
a z WY Mv ca 4 
ud fo) > i 3 = TE 
fe = of —_ << ~ 5 
= a | «<{ © on be ~~ OQ -— 
LJ z za @ MWY x< ro) nr uth 
b 4 one 6 x <= 
- as oO ae owe x & c%) 
_ a —f (Ss ) -~ -~ ~~ = - ~ Ie 
fa CE) = =e rc 8] @ fs a) << ~~ ce =o 
«<f x. 4 - ae — ae — 4 © “if tJ 
io a) = fon be ~ NN) ~~ iu * 0 Zh 
© ws uw — — — toe tee fimo ag [a | pm SY \ 
= ac fo UE «<{ < <q << om OQ » 
in > ~ a | od a we Ze aa of Oe 
, © a. a omen) ” WY WW wi <cl — oO we 
om <_ OrN LJ w << Vw 
© @® W WwW NANA ax Or | cS <cet ns 
= © fsa) @ wM<M Ue aa a Cc wot € 
ww om - ' eo ® @ i ~~ sie, —_ erm «<{<{ CZ o (oe) i 
x~ WN >] © Nee Ll em Ne Om NN fod > | els) 
- - j= eee Aw ON ate oN Mx am ec) s =. a 
fae) eo ” . . aoe ~~ a one 2 fe oS mel Lj 
_- = (an) an) —~xe Vie asta § o<{ et <<amMn aoe —_ » C3 
» LJ UL FPuOwW Fu Ha AS MS FRrEAa mw Pg jp “WS 
=O @ eed ‘= a of ene = Fe LUN R WUO RLeMUiibiy st a | — a> ] oa IO 
CIO mma >?) uJ 6 uJ Sooo Ou oo ee Pe — * & po -_ om em om Tus 
m0) one -— = j-— eee oO — Fe eee om CoO LW N MILA CAI» ce 
OQ eg * pa = aS | Oooo won oem atm a oe <9 * e~y azar pe 
Toto) m~ <<-”M- « ee Re SI CINMGCSRK RNIN Oc = ~ 8 ROONEY wet 
NS 8 CO WW So W OQw <9 Oe Ch Sh nn + FI © teto~rt << Ong 
= oom (NJ am OF —- Of <qe<OrG fae Owe Ta KY YOCOrF- ~ N ~—eENIOOCOC O20 
SOM ew ator Qo ee O2@ e O cael cool © PPP &E | a & oer & aww awww 8 COLL @ a Cen ehiQNOD FTCiL 
MALO S a POrwo wa Oo acd ae aot dt Cis edNetd std eK 2 IHD —= Me CY & rad EO | 
m~—~ BL) act emorm OO ary, Oo 9X Aste act © Cee’ CR Coe ee ew at Or Oo RF~OOO et -— > 
OO 8O— & eR CQnn a ewe ly — ntl me CUe Wwe Y= GUN HK HN) & & mL N —ee>Oeg — Hi 
mM IONS ome ee TaOVOIE Ort me Ome m= Om << +0 sa = mm Or <_f i> Zeoconno war 
Mm 969 kw Re oe a & a * eT wom oT Oo *©0O #*«©0 #2 ~~ ®LOm OF >O —>OOzkézte~ CTs 


Wie LODO ee EEE KHNOMO ENOMM COCR OR YE Oe OM eM mK te Oe eOd 18aS aK TOLURES On = 

m0 LD wee 8OTF O08. tO Sh OF > JOODWOMNSKasrtNaZtrarNxxKom OCZOZeD CMTZzOAKHKCI4FMNwWvS re 

OO eK OE WON NH WOM IAS DW wh OO WO BUNK WOP-O—>JSf WOOWF | Deere )bo 

“ac fO tf fume] i it 1 i— COoOlt~r U<si fU<t } OT | cern ee ad awe GCOUISOLsS 

OMtOdgd © Omnm meade eK Odtr- Or KCareO Oc F&O 2” 2N Z2M22—-"—C<ckCOoOCcceo~ mu WO +O 
ag i a eee ee ae eee a ee oe eee ee RUN ina Se Zz 
Wt Mond aCe MOM HOOwOu COCwOaaaCOaLOS “Ut UT Ww we OO-axCOOu quoNaKak JU aCMIZO A 
pom fom frm (1) me 9 ns 0D KE OE frerdemgege mee CSL OO KOLA OUUUOU HAO WwW HO <KOwWFO CEA CaS IDO HO HOU Oa roe 


Oo aot 
4 = = 
FUNOORO O —OY COMM OMAtTO FMPEO wom oR— N we) TWH OOoOoo OF TNn On-rOn NANO- : 
NUN OUI WT OG TONDO MOODD NOWO® MMOOk La toot Deed ed OOOCOM DOCO ———— Ler 


Fl eek eed ool aod a endl aond andl am WwW - Wn mw a —. ————— WM NAAN ORNIQIAY ures? 








| 
| 


a bh a! ® a 
= = © ee Mw) 
_ te i. uy 7 
eS) pd ~ 
oe | WV —Y ome =) 
© Ly < i a. <_ WY 
ce < bd ® e WY of 
3 of eed he -_ Lu 
pus “=o < Ww LJ = pod 
= Q —— tw 
© =< wd Uu. Lt. <2 < 
=a — < -~ © © za ~ 
= = LJ » Wd ” 
_— -_ = x f< 4 ew -_ 
= <= > | = WwW Lag _) a 
wv = _ © O ‘e 4 N 
(on) Ve) > a fa = a oe ma 
uJ ad =~ ane << < 
zm © of <I <q fee a -~ 
we) oa a. ee = =. WY uJ ew 
< © » Ww UW = Lu 
WwW > Bo g (o>) net fod ew fe nnd 
ew Oo < uJ a. uJ e c 
4 ‘ Ss) Ss) ad Ee) ~— al 
—Y o=- bot =) ~ <{ «<{ =» — of 
z NN ¢ = Q - og uw x eo — a \ 
© LU ite uJ Fd, a. ce iat oOo ~ ~ fod 
nme ee) ra oe a WO e << fo rod 
— oO bk ~ » Pa i 2m cw -“ > 
< Te 4 « uu = ~ SN ae Oo wW <{ nl ” 
re af fh - za i 4 aaa OnmMmM-~ bed bed ~—m (S ) “a 
Ww ond 7 _ }~ me) ~— Cos = -_— = N » sa 
— LJ bo t » al OC >) prae a ‘ors > 
pant a ) LL ~ han Oz =. = am eS) : 
~ ih) — O ~~ GS Pr | | ae et ont tes, w 
beg Y om — © ow net <— Oo OO cCax i 
© tty © ce YA ad ad OO0O- hae ee od NY 
> J WO be ez me OOw ec mm <f{ eo aS ~ 
oa pee) . a re ~ COR) Ld uJ Nib ceacW am y 
LJ h~ -_ Ue) — ie vo W W ePM COR NIO 
oa) <> oat — a2 ~ a az z= Aa) b= te rat) 
=. > end H] MY @ a» wn —~OD ee | New aA os zea 
N 2D oot be ~ et Oo O=— feet = OO a tang bt CN] eee 
N 2 ro) xe ~~ UL. | eB On wet OM ten Zn CO+ > 
Nu o>) LY LW ti od UL tJ aa Gl Ore ~~ DOD © © —) = ely Ou 
N aD Nn) MC) af Ww CQ » © CL b= et -~O © " *Q wa~ =a oe = 
2=O0OD o oO wo (eS) © Go - - = Qo - ——w (of rua =O ~~ 
aN) SS So =. am-mU) = ee @& » =O =o wo <f oe of. ad O 
eh Lae aT omer ow ILL > o = +¢% © ©O *= <= ULE CN Fm eet et OWN 
— an Kx N ome UL Nw om MO mm O Zz ow 7OO © Q—-MN AINE aO— 
MCN) <{ *@ ee mem he OmMDOZ 8tn et N- ff =~ ~ tf So = J —_) e a ~— 
NW zs OMnr— 53 OLY @ a CAH ow cw ace —ti~ |We “UJ OZ ce (eo Me a ~~ fa 
eA he W ad &avaw YLAIN OW wee) O wv a am {| On” OO -~ i) RIN ae lee | eS) 
mm al i N= AS et eLlNOliwe & DT NIN eae ve) wae $n enn tT en 6C lA — UJ aon ~~ WJ 
AIK AIO Us el eS Mee LO her) oad 2 Ao lO | | ne ee _ = | a oo © See Oe Deed oO) Be em pO Ot az 
Net OO0N SVR nm OO Le RIA MeO mM MUAY mt) ad pee em OY OY POOR OTOP a UL —~OOm Jad SOL COUOW «oO 
~—S Nw OD me MMH tener OO DUNK YY ~ OD Swe Ow Zan Zww OUD Www D pro rtee ff we eee eRe 
tt wwe P= Do wd fame hem ON oe er ewe Pa SOO QL mmm LL Lh Oe OS Owe DDH 2 QIMNAOISZ EOC eK 2Z DMN 
CIlOdteteZ Ii Mes uLDOoOddkeO “~~ < PO = eee CS CL NH RH wae sZze Zr OZZ OOCKYs=« O24 : 
pre mae ee AN dd J ew be SOO) OS we we Bm bm bee be ZR RR Oe LL er eR COR eR eet er Re re CWA ke ee ee oi _ 
~~ ame De wwe al ee a A lo 1 ee le ak ee | on) ee BE ~~ i 1 Od 8 0 a Pe La oO Pe AS UnHHZSOODST _ & 
CLLOONCLRHLOM = <RDOO! COT YMYOMNDOCOCSCLCOOACZZOMLNRN eww CY Cw et ZZOrOkKZD- Ocel Cm Y~mOZDe 


0 FO a > OSM Uh 8 > O69 9 89 Ue EE OD.) OOS ee ee ee GOO AAxvyceruwno 


a = eT owes (Lh OULCoiLbaiwoqd gw wg 

= = 
OMmAINNAM = © = AOS 2O ann Aor NM Woo KONA DMM OMT cH - NO 
NNANODO =P Pm QHDOCO—oO O0.Oo O00 CO ~——-® ODOO=—- COF-0oOoOrF Oo 
NAA WAIN ws — Lan mM wy TO Ns WOW DOOoOoO COOM Oo 


COcdcdMcd Dax i 
oa nN wd ; 





— ’ 


=ité Sam ge 


ailee® we 












ot 


1 . Ned} " 


0 @ 


a t= 3 ] e 68 ® e 8 am 8 e @ ® ® ? 
on a SS — 
if} me Ser ~ 
~ = < 
~™ ee - za 
o oad SS) © - om iil —~ rom 
nme 9 a o_o ad ome om Cé-— mn Al mre A! 
<— lame 4 Na Co < N a am! OoOmtwan 
=e O. ee? weet one? we? cs owt rues? oo we OQ et Sa Sec Sr 
{)auwe <I <f >t oO U> ej Jw Ogcdtdad 
<< Leland Crm J GQ a. —_—< MOOK bk 
wd Mn) UY aed ond LL, UW Sk ONS aed nd YD 
” Ww ~ + 
~ cd es om — ‘) tel | 
bal sm wee ee OF Rm om Cae ~~ ~— N) GAIA TCOnIN -_ FW is N 
— —_ OQ) aD ego ee ee wwe = =—6 CN ee QI] ~~ — et eet ee? we? Sa? ae m— ee See 
gq7 a>qaqqaD a7 ac 7 a7-7 Idd von) OjI720> « 
— ond 7 JS p-J- O Iz QJ “hk a) b— wad J b= = fae Li JOO 
Y VY CIV) UHI) J win IY awn" WY YY MAYA fo NWN TUL 1 a) 
+ + an ran) = mm ~ 
i feoToa) o- CO = 
= ~ <OWOa- ~~ Oe <M — Uj at) Ne me Ee OL Otis If UL) bee 
~ ~— nat et Degg Se? dt oS ws we er we at et oe S~Yt~— ow Pe A SC er er co ee fe 
< < UG >< ASsSIloVS OaAdt Gg “43 aps Soe ee) 2) De OOM I< ea 
a b= roG ala rane wed wand Foe CY = Ie < — ew wd OK pond CD end mad end NS Y~aTL IO -~O 
> - ad, om > + Opa oo me © - ea CS § 
~ +o ° ant FOUN O. tan mt ttn . e $e OF 
ond oe Crem Dew en OLY = LIC te 4 hom pm pee goa CL, ome pom oom ade too eo LJ KI om om e © 
ce — rRNA K Se wT. > NIN ~OO = eee ww LJ > YA ~e CY W =O 
—e > CN] mm apr ee et es ee ee er ee LEI ONY one rue wt as — fine met eet BCA] Naw [ho Pho oe © om Ae er ee — ce 
<Z = A0"RI0>  OBdodaat ~aAMO Of #<f be me Dae COCO LL UL LL. (el we 0. Jf J a) 
= SY e797 RHKO SOOO E a a C - S | om KS D> od OK MK LJ > aah ae OQ kh tO a 
WY HWeKeI{Oinw OMI IMWWY Nga YM em UW Li i. Ub. orm LL) Ld Ld aa band OCF ed OS LL em es 
ast > ~ mHe +1 =O + ee mit O NO a 
mm CY — @ >< pet < < = eo <©O ok 
<0 sy — ~< — a> oy teed ~~ mee eS ml 
~~ af) ENS | () — i cine -~ ZLrwenmanmY KY CAO —Ommnmenm 2M 
fa <= MOGI Kee NOAM KK re ORNS Oe eM) Ob — KYMCO we mor Al wee IYI <{ «A. 
— eT NN ee ee ee eee momen Mee De es ee per Se wr eernwewnes 8 ()COC I a Late a) N> 
<{ me PSTEIMT FLD ICS Ned 89ND wt 2 O79 S>O> 4a eDOIDaIdt One Cords Wo 
a Ce oeR CIO Rea OC AIO TS Ke ee OOOO wo mt ee ot ee COwagem AO ae = 
Y OtYSMMMN WJ WMLYNULYIW Swe l WY OK«e TO LLU = MILILILOW Oem CII te et O N 
ra + oO + + ~ | mitt Ela) ioe: >So 
= WU pe Ee fa re Cox & — a mol) ew o 
Pa. — “dl a 5 ae - x >< De —m—N OZ = ™ 
> een IALeN | tam o~ ~~ ON j= ~ UR MRR RY Wermne Www ie WW ttt << eil 
a perm ne wwe ZO ARRON KM OO COMM Tew SON RO ea ZONA ewe SSI Se Ze UW OUI 
Om ILO OK oe Ewe eRe KK KO OE De SOCAN meee ewww dt See) le 


~~ I] Deel) U2 he ee ee ed Oe ee oe a ee fonee CY% mae eer ee eee CR COCO Ce mre Aft anw OL) OO = 


KIEC+re 72 DVZKaeaAayw~Nndew dv Yst DK OdkbeIDO Ba aboaaaes Paiteiaieq{q D272 %*%** DIDKAAT He CO On fy 
Use CORDRKRIAMAIR SC UOSONND OOFFKRAS&HE CO AZSOCOHM CO OBOAQAZS O Y= OWOGMOQ DVZO O22 t : '- 
| a al as 9 Y) Cm WY) | Co 6 ae | S aia OFM ia Joe FES IG | | eats 8 + OCWSt—~2Z < bk 
= il ZZ) tf zocdt it Pagel = § ZodIaitateeasD Zzoz=z NHw~e 
Crow) Da WY) > WWW) le» WII) WWW O40.LY WOreOO~wm th © 
NOVUOAW Tazo 
we al fam) 
7 aa 4 i 








Pe 


AKER( 100) 


ae om OC 
oD m© ~ 
~ ~ MoO = UJ co 
~ ~~ aoe <m Oe» 
= Oo <co aad <— © 
© = coe oo Q wa ~~ mr 
<{ wt { — — cS pe CO » | 
» ~~ 6 i ae Fe ke om OS c= ON “ee 
ZWeaZ+¢ ZA palotan) ao Zi oe So suOWOoO 
» QqoQereewZ Ke W Te Gea Gg~ a Ow ™ = O2x~ @ 
2) www te te ~~ 2S LL J e UL) so ome Wm < <cO 
~ fact(o | a a weROte hrEoO OE Meenas? | a | uJ = ec ee 
~ =->>Z2 > wwe 22—~ 22 ~ 2Z 2 —+ + i" 
= Socug i Wwlioz—aco ot 1 OG ma Om TO —Q t it - 
—-OLK—-t100 v4 O+ ate sand pm | 
1Oor} OO Hh eb a Il OZ tl ie QIVWMUHAZ® DMO fA DYNO] nll Edt enlen ad 
=—wWZOoz “7 OZ ft O20 ff OFZRK—OZOZI Ze ~ner 
ee am aj fm coal Fy 5 it sires Miliet= WWO- D> Ww ft > tUmwwD 
tt it~ Sati 3S HR OH —-NZROO= he CMA etek COCO SE it me I] fo we uf-O6 
To lo Cq{ZOwQ wed lew WZ D Ow WZ DS Oww tem LE OOOO COO NWS 
ZZ ZOZOOmOCWOMCOQOCZLANYWNCOKLMWNOOTNYCYWNOZ~ZOSZO VO“ ww 
Mew tw O = fh a Oo HN MeN WY 
eo) © 10 6) NN 











del oer teasuor Sor state error for a unit, fecdbeck 


SIS, 7 Senmrwea te ran So ut is: 


a a cays 
cl. = K 





feere k ts derived from the oven tecp trensrer function, ae Ove 
ever, ‘hg@ to tir hioelg es lecbre nieni vietions used in deriving tee 
Tocus | is Tor toils sawestiggciron, there is ne lenger a function, 
ro me smart SiNCe 1D dSenOUMPeerecenved as . whity Teee back sustem, 
Peeerer, toleaan'-in coniemeicmii sr ero ose” Lo continue the ase 


oye "i © te yaive en indiagienec! ste-dy state crror in response vo 


ee COA ALL. rite NT « 465 deriyermme as iollows: 


ms . 2 , _ © 
FE (sy = ©1¢s) - Oo(s) = oO. I =| 


an 
é 
Tis 
0) 
6 


rae Sanat: ; 
= 0. F 
Ew = Or1fi- Fe 
r@ e tlectelfebra In SeCCULCI Steg aces cto i: 


_Nabm 
Gris) Daom + Nabm 


4 + Gi Hi) 





F.© = 
{ 4. Dam Nec 
D, Osennt Nae) 


De Naom 


~<(S) = 
Fe De CDaom + Navwm) + Dam Noe 


$ - o- — +A % a) 2 ._/- +t NYY) a Pay > 7 -) mH 3 ’ , : 
Ii we sssume F, ta be a eolvnomia) cover qmeol nomial: 


54+ An S" + 2 + + AS + Bo 


oS) a ee eee 
ref [Se bp Se eee +b, Sto, ]+[S4Cp-) SP ore, S#C,] 


where wmae<em 











E 1s) = Oils) Pst Buren Oe Cl) Sok Cua 
( ! Cal ae b , Se ays ) +( S++ 4C,StC,) 





eso 


S 8¢ A te GweyY preater Géren | tc zaro: 


= / iene ise ee 


Fle wo tore Cy) S +(bo + Cao} 


we a3 
 ] 
ae ee 


') heh tee SE. ees 7G 7 
2 - 4 5 : oe: 1D Ww Dy aie 


as aan 


C7 


b,+ Co 


| = S CRIN b, + Cy -@,]ls 


thieve | 
Ie om lb, +r Oi) S + Cbd0+ Ga) 
O.us) = QW (stov) 2}, = O 
S i x = oD? 
aN: tas AY) a 
CUS = ae ( Ie ) ap = (Jae DitCic Gi. 
= co 
oO A= © Db, + Co 
OR ri é i 
t+ooet QU S+ Ae 16 ee an Gg Bo We Nias 
Sa a nS + be esents De (Daum i a Naom) 


+ 


















, A 
ee se + C.S+Co reorokerts Daw Nee = Ke mien Ni, Ne) 


Cc Swaivy Ren Ka CZ 


a 


2 


CC) en ee Ie, 


Pu aa bcs — . b,+Ke Go = a,) nase 
Cus , i. a Gr: (bit ke C/- Sy, = 


prea Co iy 
Lor Ud? eye 
/ 


oe K es bo + ae CE 
, b , aa Ke a - a, 


ID 
‘s 


it is the :rew cxpression th.t hes Leefi'reoreserted trroughcut 


Tue SiveStif@ben @6- i... 





Sk Lees 2 CNGa & 








i 
ie 


ay 


7 


-} 


a; 





{ 
VF 
a ine 


oe 
a 


i 


i 


aR 


Et 


nie 


uu 


|- 


at 


+ 


« 
{ 
ae 


as 





| 


oe 


ne 





ey 
has 
x 


+ 


~ 


+-h-p- 





=t 
ae 





arts 
t{- 


} 
fr 


nae ae 





i 2 
A hie ar or ate 
i 


td -f- 


=k 


sf 


eens 


do 


1 











ma 





bases peed eee SSL 


= s—- — 4 
‘ 
a ae i. Fa ee ae ee 8 OL ets! Ye = ‘ 
~¢ L . ‘ ‘ 
' ’ ‘ - I 
C = b-4- ‘ 
pet . eau , : 
: f cat - | fags 
i . . D aati ia Ff m 
3 4 ; r ait ; Da s 
suas 7 ‘ Z 7 eS e 2 
' a ane ‘ 
‘ «| _ A ‘ 14 : 
fat ‘ j { ry i * 
| 7 ‘ { cos 
¥ + + - 
4 es - a] i 
‘ eldest pests Ce: 


ene en 











Re: Eee i fe 








eae 
ae aa ine 
: aes rfren aad 











Rt tes sa tee © saa ds bee ae tt 
ie Tid PR: ae i ee 


peels [epi do oe ata pate 
ae oa SLES a isa = 


7 ft ELA. at. rade il 


ae on 





aes s at oer tema — 











Pe tots tor epee ettot aay 





6 
we 


- 


eo 


. m ' 
SAUER CA Naa tat oboe we dn tembtene Ane nee noe, 
= arte: 


4 


> 


Serer, 


AAAS in a. 
Gaia 


sat Oy 1 


on Te Boars 


MER WN OSES SO I STITH TEE Le: 





— 





tk 
tt bey he = 
eee tit 


— 


A ces) OO Heel 


1 


st Alsi powe | baa = rk tm 4 i . j i pad i. | A =ba + -tre 
| rtt=4+=—H- : : Seas Stiinta an oy gs mis we ofe 


- i : 224 3 bu 
at ——< e/- oe et ec 
1 ot 


ae - $0 ait a ‘ riers 7a, Serre ee aL 5 Fai | Reece Cio: es ; ae) : ie U ; 4 7 Late 
cael fase 
} pails RwR 


an el EES 
; 


He 


= —_ : . 
‘ ‘ . + oe “4 pea eer? 
F 5 a -= ~ = - - * + |-+~-2— f - = a : Ty7- mt a a a 
super pit ~ 5 bet ad a rt. 72 Ome | ja mara \ et er 7 , +¢+4- att ad Se 
= : i) ‘ Pee frees ae _— al is : Ct aa = ° - ok: 
Re ; ’ - H 
Ba 


isan : At ere Tq iCe0ge. 1 wa) yews PreGaetacs Ercom 
a aiisilia pet ces ed ett faa fifties epee ea reload 


+t ‘ ! i 
, 
; - a 
on ore 
\ T ee 
P = 
Ee " b. : 





PRE EL 


a 


-_: roe 
i 
o. po 0 ad ites ’ 
1 
~ ' 
. 
oo 


ze 


t 2 : S -- of - 7 : ‘ - = 7 = 
Das S55 ' - ‘te + . . ee eo» 6 ee a : ‘ = - ate a i - 
bs \ ’ - 4 : 3 ; ; 1 = = 
ies - ~ : ey 2 4 : aera el = - Ape ee hive) ta oe is Ate 1 i. ms, boo 
H ‘ . et ‘ } 3 ; ; ne 5 : a : a ail) ae, 5 a ks 5 - re -- =- 
i Yeon N y 2 . ? , ’ 5 ; ent ‘ : an -T-4 al : t+ rr : a mit rn oe oe . Tv. a t ais ' _—- s a Sareern oi 
svete & tet +444 tees - 5 ; = 5 “F-F-F eS Feo ee Sore gee ty er? a abd Sir eites 8 a, . esa Ce . ‘ 2 | Saree Sih Sat Pee Seve ’ ee 7. a F Pf Be 
S582) Saleen Reed See - a: 7 ° 4 - f . “+ ae v "=F . cab oA Fi Aerie ee om Fe Pear) Z a ia tes Atmiee H >. i. cae 2 s : _ " 
iS ~e=t ae $ t+ ' 7S D +s aT TAT ° 4 i ry ' , ‘ era * ene aa TE ~ r mares aimee ’ Trae = a0 t t ‘ ' ’ t i t liga 
a re rret -T T-e- ee - y 4 - . - -- - == e - s «f- =--— eospa) & : ° ~eoe 
1S A PRE ll 8 te © t¢ . 1 - i" en , ‘ y q ' e oe 
. . mit 1? 


2 t ‘ Cig Dal) ‘ ae tae ‘ a8 e ro Rigs 4 - : a on me ie fo ae 
; = sf tates me SRT) ee 7 ape Tie ee : silts — we Guat be oy a ao ol Gall rns Lal Kc a a oe 2 = ee $. 
SDLARfita Pir iiprrsigrs +} La Lt Be Fe eee , pire ts re Pro Lig , a ea are M4 pid Hit ‘ ; : : — & — —— 
ane. & 4 ’ ) . * Pa 1 t P E c ers = = 5 5 ~ ae x ? aa 
: SES | PPE es ee Obs oe pais eats peer el h+sHi+s 


- ew tee - i 2 
: , =. oe = ee eee — Sm a i = ‘ ‘ ~e-0 ban ots ~ day = Soe oan ere bee eee 
ee 2 i T ' ? ra (eisae 5 i fs oa) omy ITs wat ‘ ’ ee. x & Lee — > ; — oe ZL -+ S. ese 
o-9 ob §-4 4 + boone é . U - eet {Aes 2 pay ES ‘ <a - tae Se iain oe a mall} fimezlintas TG ad) itil a i a i nh a | aa ie ‘i “#r PY 3 i 
. ‘ : aos g 4 i ie ' e ahs rie ie) Sead eee arp a if aoe ~s So } 
ot totet+ tpt gt ppp tty tt : i — ert = eT hitoaee we lis ne eee - 
= (= t= re 1 - ae = <<) Bhieea ls el > oS ic a lhe ~ : at , “) ‘ he 1 
+t -- tc a ‘(re ea (Peleey Sere] Seeeuabe = e- Sens pers ae: ? iin’ Ub ee oae i es $5) ene soe A 


1 i] - amon Kaine 
Oy ae sae tbe | = - fife ; : ES BATS waa ae Sees one aoe e meee’ te 


Sas ane asegee isan Be : aes ae Te kay 4.1 ae 
oe ee at Eris ; Sen aed, Be le 3h tee 


f ah 5 J 
: , ‘ } ‘a > i \ : 
-+ : ~~ ey p= goat oc = 4 4 =e ; 
1 Te) , : ‘ , 2 : Y i 
r - + = ~: i . a . a = =- ~- 
{ * 4 i ° { ’ :& | 
ee ee : ne aes ! fe ~aaiee A i ,7e he z on « . 
i A oe Ea j a ei mr mS : Pe) 5 
+ " * -t 1 Sie ~ ‘+ ? “hl ¢ .-<e 
ys tol ‘ ‘ » ’ iby j \ an 
- ~ ’ 
c ’ ' } t 1? e t 1 ‘ : : 
2 6 -4 - Bit aS = = N =, ae en Se” Res - aren 
t 1 rt ; r ‘ ; ee T r ; . wf 8a 
o- a —— ~ al —b : “ 2 = - * - ee 5 
iL: ‘ . A i i , , ae ot . ' D t 
’ t xe \ U Tt 1 1 vere 3 ° oe : " 
= t 4 - -4- = on oo 4 = 4 —} — 
° ies Z oa : 


it, 
bs we oo 


‘a 
1; 
wees oe 


+ 


tall Ae 


Lie 


wie | tiithiy fe bes | . 


b.-f epee fh “8 


= es aa | ° 
‘ ome we oo -P 4 


eS eee Poe ee ee 
5 , i i 
. . es eee ee tm ae cnn be me ¢- 
2.) ee Fee ee 
. > ; —— pf roe ee — == a 
‘ 
fr ee 
oe -=—-—o Fi ¢-— . 
— elles Tita. 
r a 
deanna bee: Pore ee 





— z= A. —- 
2a ee 
_ ss 








- get mt at 


bo. ate 





egg MaRay Ras oes! (, 
ifsces press aes ee 





—— 





a ponad [peed esseg poate ecssscssg' 
Acne 
s : Tira laaestiei 

Ht AIEST Ee Et essiad 


eA = ee eee et 






pebreissisPr = eee 
13 tty imidin gid Ele. 


t 


ae : EH Leese fH yl 


ae 5 ae paen en SE TE i rs qe tere ete a S44: ft : 
pend se: _ He = epee tet t+4 Lye “43+ ma 
T : 


aene aa nae ne Pa | pit oeey teat tre mae 
—— : poy gg fb t - : +’ 

















re sadmewa|. 3 
Lo (0 ect Ss ah Bw as 
reeerml (ans erete, <r ~ ee ee Seat = 


yauane Bete peripoert 























= bei 





a + a . -t- E 
a -b = - 
-=-% + 
# “9 Poi oF 
: roe nf IE 
+ . — . 
a is ~_ a tar 


Tit eco ye sere 


amGr y | Hes ag 
ize | Sot 


' 
~~ 









spi: soe iiasg ee 








2 => Pe: 
+ = 


> 
‘ ‘ ’ . a 
* + b> - 2 = 
os + + Cn - . _- ‘ oo A 
ae: tZ = Te -t.—}.* - 
“ 












r — ? 2 we meee aie Romine I. rm —t— to n ow Te 
ae care i Saas t+ Ht F Ly. iE + me on Para Shel (Grieg eet 2 
- TIT Tite Ch aa ee ' ‘ he. 2 Peber og mig ela. 2 


sCHNSIHS iTS Sa 
Se 


4 
‘ 
ae 


Rd Loe ae 






mn 





pili = see 


set aie 








ies SIs : ovr a 


“atch fr ee 








;ine cena’ ter: ies Be 
ose aE Rw = 


HE HER “4 taal ' a i ae : 


Aca aaa ae a 
es oe ont ee Pee eee 


5 - - 7a ere, iiacis ET Eee i ils Laer. Pee Sap : ——+ _ ras eee eR ee al pena tes” 
iia fit. a 0 a I . er (Bos TESS Be 1 Lae Ei OS BTS Roa Pa - = » aye ms ag eS 
1 rt io 7 <ohatntae thitae as, BS tee on | (oan pee = a 3 EIB | eT zi a 1a atl a alae: iM: 
ia} a i | oj a ee : | ee we ¥E. . ay ee 


Spt eid pi cess y+ 5-1 i eee Steed teen bee 
+ u a _— _— 

t a as a Ea ee bona me Balen =i 3 
a) e fa. me ~ 7 


a 
= 
is 


t 4! i : aa pe . 
Se cf ee 


>I : J 
T 
‘ + i oe = 

) ffenbeS a tae 

ae "a ie i 444 ee 

f Spee Eskom ‘ ae a —— -—| 

Hae yaaa rseessare => 7 
A t ‘ J . 
; 4 Ei! ot Ty 

a 


= . 2 aed F ath : 
_— —apme 1 - —* ata rea eters oe Cie oad ae 
: ard paue, oraw wie i feet CT RT Pan pone Fa bi 
Coat eer se tii diin. ce i 


arithee rymys leirtrpedss te ia 





L——, — 
t 
— F> = © ers 
t— i-- ~~ © _ 
fone = 7 
me Fg 








rea ea 
t foues OF 
Sela Kaka 


HH 


auares & 
jini 


eRe Eh ee 


—be» ett 


: | lteat sate |e 
ae sith Herre ptr 


SETS 


Victece ae Ba pitts + 


oa a eet itscaes aot 3 
Se 
+1 2 i Fe 
att ei pares Hit he it peeet ae bs 


: 1. 

$-h tet - ‘ 

<-) a I 4 on . . 
on a 


— ——eawpeter Vl 


« 
a oa Ses = 


pies oe 


== na Be . ie ooree s a= 


= oe -J— - 


rh fap ot RE ia ‘her 


5 


H I pe - - - ~— > aan! donde © 
ae eu enn eda earn - 
; Tan 0 sat anes 


ak Si. ao . . 
we ee te ee 
{ . 


' 
~ « —— ee eee 
o} 
’ F : : iin 


- . + -}--- as be 
— ‘ * : , 
cee ; ae aac 
ys ~4 -e 
aos - os de- peens <9 paeel i 
. ¢ ; - 
f ' “are 
= Ea pnw Z 
j . - I ‘ 
h = a ’ | a , ri ie eY - 


era ba —— -_- ee _ 


weet be. 2 








\ imac 5 
;! 


da L 








ANLAS MALNAdWOD Mo ~ 


Wi dsulg 420%; 


figure Ded 
De 








Wa 





Mas hy (OOCT WaILsis Mos) 


Fo ee, ed et NY et 


HSI) op dS WALNAINOD FS. 






eo Gl 
-HBundsind Bas 








figure De2 


ee 





= 
: 











Lead or Lag 


WY 


ey, IP ie, oo 


a 







Derivative plus proportional 


Compensator Function 4G, 


Sigure De3 





4 


figure D- 


UNCOMPEN SATED 
D=5 


OTe 
















ae fff fe 
ACA 
| PSHAUS! aT 
Lite at : 
NE __ 


x ae ns 


we we 


pe ‘h. 











iz 
— r 
=o 
aa 
FETT [diay 
[== se 










mesees AC 






, Lf - Pen HE 


. i F ‘ = 
ie | A ALAS TE ae 


ma seanenaee Pt 


a le ath 


figure D-6 


D-4 





JIS Or Ceevite CORPO 


Pa ee Bm 


os 
ew 
(oe 
~ 
ad 
wid 
<} 





loco 


SYSTE! 
—UNCOMPENSATED-— 


figure D-7 


D-8 














COE 


f : 


—1——j—_t mei me Sy ‘a 
Pee Soe isis 
4 ee ee 













: ‘ , ! | H 
- oe Gn ee oc |. ae Ja . ee =r aii 
oF Eire 8 Tt deep Et 
Peek, NI RN eee ee 
Bek Beal Mbt | | | : 
- \ aver i 1 


S = ——— ' i 
ee eso.) eer. \ Se anaes ve 


a i 
: 
a i 
{ 
eee, lola. Ces) 


















TaACCCEEe epee 
1A ay -Nanes a ‘he. Bisa ) 


aan 


T. 1) oe oe er 


——— 





| 


See crete 


Ligure p-8 


D-9 ° 





‘x 








= a as owew-e= 


Ei i tt Pet hg eco i] sie: 

| i ee eee Gere ee ca 

| a ae ea peer ae cen ates 
| ew 






ies | a 
rem fae 7 or - \ 4 ia \--/ 


! 


EASES wie 


iste ie re tera “DAT 


Cae 1hnec anes as pote 


oni A__( fea)! 








\ \ 
Sem eee ee ie, ee 


f 4 





—— 
See ea 


| 


Sate 





) = , \ 

fee Seat --- — BP 4 —— | 
ane ie Se 
aa CO CY Cre aahs yeatey OMI 


figure D-9 


D-1O - 








NICD RA 7991 I? 


H~HART 


9 ees 
| 


ep 






i 
ms: — 
; fa 


a Tt 
‘a 
2 Ee | 
Jess 
a 









ee 
A 
a 
eal 
4 
{ 





| \ 

pe Were et 
a 
sige 
ce {-/ 


feals 
wo < 


eo 

pam i 
tie 
f 
iC 


of 
ad 






vee . 
/ 


j 






f 
ze 


+ . 
- 
Oy CI BEE ie 
t ; ¢ 
’ 


ae 
a 


[ 


ie 
f 


Aan om oa 


amt 
cea 
ae, 
i; 


{ ‘ . 
ee te a gion % aaa 
Pig 


\ \ 
BaD, ee 


wee ek 


-10 


figure D 


a 
ci 
Foe 
{ 
a 
i 8 is 
s 
—— —— 












os s : 
Ne 17K7 YX ON IXVHD 






a ee ai 

aE: PAPE 
ce ete : ee 

cig PEPCE. 





: == 
aa es 

Segecus 5 Sasecee 
a ie EL Aete\_ Hed 





SYSTEM [100 
—U NGOMPEN SATED 
figure. D-1ll 
Dee 


haar 
ae 








\ORS ee a S/n 
AP EE z ae 






| 


, | | or 

‘ 5 oie Sees Le hee og ' ! = ‘ 5 ' 

lam i i | | | | 
ee os aS a oa a pe a + me aso) ee —_— | ae ! ee ~~ 


67 =r 
? P< ime tn 
> 


ww 


7 


j 


eres 
7 
; ' = 
j 
= a nae ee Fen en ot ere 
4 


ne, 














PRINTED IN USA 


\ 
wi 








eo 


) 


! 
i 


f 
t 
‘ 
4 
cee ~s 


it 





A) Sse 


CLEYSLAND 31 





\ 
eS aa 
QO Ni 


RPOR 


ae ot 
JRALTIC* 


GUEVITE CO 


\ 
ee 


A 









i - 
aoe 5 
| 
‘ 






[ 


FAA 


| 


4 





j 


ae 


nig Gamer Se 
ri 7 - 1 


~ els 


—_ 


Td 


/ 


, 1 


4 





/ 
iieieriaieerian 
a 


‘ ‘ ‘ t 
’ , 
’ 
sf 
‘ 
‘ ‘ i 
} 4 
= y 
s = 
‘ 
gr eco cer teen lien ee ce on rE I a EE TE SS TT SE ERS i SY aT TAR Sea SE «serie: nine nears 


en eee ere eet ee 











hy 
bbb 
med | 


f 
—j—- 





baled 
. 


ay j 
feo 











SRE aire 









a. {i 
rk ==EELCEEE 
aan baie —— se 





an CTE ELT [=a== EE 


= sp SOE ELT 
= a a a nell 
L2 ism a= 







te 
a SeAae: 
=a GeeeeESS 
4 Her CEEEEEE Ei 





Pigure D-ly 


ea oan 








’ 


BANS en 


{ 


1 
i 


ee a 
. 





SYSTEMS 1/1140 SERIES 


Nore ¢ ALWAYS. GNeTABLIS 
figure Del5 | 








a 


fee : ae fine 
oe Bee Pens =a 
PO Re peng : 
— ae f wee : 4 
. a ae pa = ae 
7 - -* - ~- > - . 

r 


|! 


cateapeaeciee 





eeateeeerars ae 


CHART NG. RA 2921 30 Sar INSTRUMENTS piv 










quauaee 
Ag Ck Joie cece 


Be He nate 
ff ; | | Lid VyaaToy 
aeene Jen cSauan 
' - | 
t/t inesrat ee 


ney Sececeaaeer 


OF CLEVITE CORPORATION CLEVELAND, ORIO PRINTED Ith w / 


Lt 


SYSTEM 1800 
-UNCOMPEN SATED — 


figure D-16 


D-1l7 









maw ie 3. | VEE 
“EPEEEEELEEEEET REE 
=" gee EE NG EE ES eS 
TTL, He = BN fai eenaee sae See 

ag ae - 8) ium NEE PTS 
Cee aa He 

CECE CC aN EEREEP 


a SERERECE Ses” PEER EEE EET 
EEYCECEE EEE EEE EEE Bet 

easeee 7eEEe ELC eeeeaSeecec: 
GIEVELAND OF'O PRINTED IN U.S A 


mal JoELA CHE 


EEL = i 
Seeny Sanne MEE EE 


coud cuteneescteer foettaa 
Sener ope Suueeaue 
Sous CEELEH au eeeceeese 


ietecrstesrecoteer 


le 


t 











lal — Se slesS | 
: (=F GREER TBE) 
a EE — weeeaee \ | 
CELUI —— 
lee — S=) -f- 
Sole (S2 mee 
mi a eS i = actehelS 


fe EEE EEE 
a mee cr a =| | ae 


, { \ \ \ = \ Apa i) = 

Lf e| Se = 

\.) US: “= 
CHART NO PA 2921 30 vPe 


figure. D-L7 


p-18. 








FEELERS 


7 A Dike a 


Toy 2 
ae Bee: 








—_~: 
— 


: ae =zea 
ae Cerise 


| TIE Te iDZaEEe 


EPH EEE 










Seaceom Sa == 
Al ae tat nade: 
fo soo EEE 

| — ——— 





foneuunee seacect 
eee VEEerEe Suncne 


Dak? 


PEEEEH EEE ERE EEE las PE HEB 
EAE aEZa Pet 





es ee 
aceeeeeencet: 1 eee SuSeE 


HE BERBRGaEEeS af ane PRATT pee 
Si, anne ke 


: —- TA pe 
a = Zoo +] COC ae | mi seceects 
al TE fiat = 
See ae’ (ane | EL | af Has 7 TEEPE 


ach 
i seeerates 


















Seater 
: Fee eee Be EEE PEcree 
eT eee 

CEL ry see erareee De hist 


ie: a 





= 
| 
| ceenG = 
eer anne Peete | 
ndilyen blige SIES, 
D=20 








ioe p=20 
D-21 











| EEE ee] lao | 


* = ; 
AE oe 


4 SCE 
aa SEREEnEE =e 





aeaeduaarsaeeednetasceace 
27 B oaeee === 


= Too | al 
1 PET Wei ele Ae 





ait 


mE ee ee SEE 
Ly SEGeeeens aa -EEEEE EEE 
Le BRBEEREEEEREGeaaeaae she 


TOOT RELL Te 
an aL pcos 
PEC ser me ee 


= 1 | 
Cc. 
i] 





Or fae ae = Se 
, PAL | = 
ieee a= === oiaee 





figure D-21 


D-c2 


L 













F eee 
1932 mt PaEEESeeee! 


— 


: om 






lad EEE 
<a sect i= See 

yoiees seaemes 

_t: =i 








D=23 








23 


figure p- 





2k 


D 























thesG508 
The application of motor input voltage f 


IMAI 


3 2768 002 02947 2 
DUDLEY KNOX LIBRARY 


lI 





